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Handbook for Millwrights 



QUALIFICATIONS. 

A millwright, according to Webster, is * * one who makes 
a business of planning and building mills or mill 
machinery." Therefore in order to become a success- 
ful millwright, a man must also be in a certain sense 
an architect. He should know how to plan, and erect 
a mill building from foundation to roof truss, in such a 
manner as will be best adapted to the type of machin- 
ery he will be called upon to install. He must be able 
to calculate strains, the strength of materials, and the 
resultants of forces. He should be able to make and 
to read drawings, not only of machinery, but of foun- 
dations also, and he should possess technical knowledge 
sufficient to enable him to make correct calculations re- 
garding the dimensions of foundations, not alone for 
the buildings, but also for the boilers, engines, and 
other heavy machii}es. 

He should also be a man full of resources and deter- 
mination, ready to.m<5et .and cope; wrth>ny emergency 
or problem which. iMy r/rise. He' should possess the 
ability to handle men ^j:iqtli;sk?lle3-'ahd unskilled work- 
men) in such a manner as^'to^ get^fhe best results from 
their labor. He is ftjeqjipri^ly jcal^efl .upon to purchase 
m^phinery and supplies ;' 'tlierefore lie should be a good 
business man and accountant. The increased, and in- 
creasing use of electricity as an agent for the trans- 
mission of power in mills and factmpjes has added an- 
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other to the list of qualifications of tjie modern mill- 
wright, viz.: a good working knowledge of electric ma- 
chines, such as generators, transformers, motors, rotary- 
converters, electric lights, and the various other electric 
apparatus with which the modem up-to-date manufac- 
turing establishment is equipped. A complete knowl- 
edge of the framing of timber, and the manipulation 
of structural steel, together with the construction of 
concrete piers should also be the aim of every man who 
aspires to become a successful millwright, and he should 
bear in mind that improvements and changes are con- 
tinually being made in methods and materials pertain- 
ing to his calling. Therefore, he should be a man of 
study, and should endeavor to make himself thoroughly 
familiar with all new and improved apparatus, pro- 
vided it possesses merit. By thus devoting a reason- 
able portion of his time to reading and study, he will 
be able to keep step with the march of progress, and 
always be at the front. 

LOCATION OF BUILDINGS. 

The location of factory buildings is usually decided 
upon by the owner, or superintendent, but the mill- 
wright is freguently called upon for advice in such 
cases, and if H^feti ccJiftp^dn/'ui^rhe will be able to 
make many valuable ^suggeStloEfS** regarding detaik re- 
lating to the best meiljod^jof Jricelving the raw material, 
in the factory, ami.the ' 4isfi&&r of the finished prod- 
uct. A good ruK /e •*f51Ioiv''Ji (Resigning a manufac- 
taring plant is to see that the course of the material 
under operation shall, from the time of its reception at 
the factory, until its ^^^* «« a finished product, be in 
one general direction, 1 in as near a straight 
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line as possible. It costs money to handle material and 
any deviation from the above rule will result in in- 
creased cost of production. For instance, suppose the 
building has been so planned, and the machines so lo- 
cated that the material must in the regular course of 
manufacture be transported a second, or third time to 
the same floor in order to be worked upon, the added 
cost of its conveyance, especially if by elevator to a 
second, or third story, will greatly affect the efficiency 
of the plant. It is possible to so locate the various ma- 
chines in the mill in such a manner that the material 
in its progress need never pass a given point the sec- 
ond time, and this fact should be borne in mind by the 
millwright in drawing up^his plans. Another very pro- 
nounced cause of inconvenience and loss of time in doing 
the work, is the lack of working space aroimd the ma- 
chines. In the laying out of the different floors, pro- 
vision should be made for space sufficient around each 
machine to allow the man in charge of it to operate it 
without interfering in any way with those next to him. 

FOUNDATIONS. 

The first thing to be considered in the erection of 
any structure, is of course the foundation. 

The object of foundations is to prevent inequality of 
settlement and distribute the weight of the structure, 
equally over the substratum. 

The bases of structures are invariably made wider 
than the superincumbent mass, to increase the stability 
and to counteract all the damaging forces that tend to 
cause failure. 

Damaging Forces, — The principal causes of failure are 
those which ipduce settlement, stjch a^ ipeqiialitips of 
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earth rpsistanf-e ; tbe compressibility of mortar joints; 
lateral escape of soft soil, sliding of tlie substratum on 
sloping ground ; the withdrawal of water ; distributed 
lateral pressures, causing overturn, such as wind pres- 
sure, and thrust of barrel vaulting or of an untied 
couple raftered roof; concentrated lateral pressure 
which induces settlement and overturn, such as the 
thrust of framed floors, trussed roofs and groined 
vaults subjecting small areas of support to great 
pressures. 

In the case of mill buildings in which heav>' machin- 
ery is to be operated, there is to be added to the fore- 
going list of damaging forces, the jar and strain of the 
moving machinery. 

Ineqiialitt/ of Settlement. — Inequality of settlement in 
buildings takes place from two causes: (1) the cora- 
pressibiiity of the mortar joints; (2) the compressi- 
bility of the soil. 

An allowance of 1 in. in 24 ft. of brickwork in lime 
mortar is often provided for settlement, as in the 
example of the extremities of bridging joists of floors, 
at one end being supported by a brick wall and the 
other extremities by iron columns, etc. 

Nearly all soils, ivith the exception of solid rock and 
gravel, are compressible under pressures often attained 
in huiklings. It is therefore impossible, where large 
DuUdmgs are erected on other soils, to avoid settle- 
ment; and the fact of any building settling is of no 
great import, provided the settlement be uniform and 
of no great depth, and the relative position of the 
parts of the structure unaltered. But where the resist- 
ance of the soil of every part of the site is not uniform, 
there is a risk of the above defect occurring, and 
special precautions must be taken to distribute the 
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pressure to suit the varying strengths of the sub- 
stratum. 

Lateral Escape, — Heavy structures erected upon soft 
soils, such as running sands and peat, squeeze out 
from beneath the foundation, imless means are taken 
to confine the soil to the required area; this is usually 
accomplished by sheet piling, as described later. 

Sliding, — This is a defect usually occurring where the 
building is erected on the slope of a hill, and the strata 
inclined, being depressed in the direction and towards 
the bottom of the slope. The weight of the building 
is liable to cause the strata to become detached and 
slide. This is prevented in two ways: (1) by driving 
piles at intervals to a considerable depth, thus con- 
necting the strata ; this method is often objectionable, 
tending, as it does, to shake and disturb the soil; (2) 
by building a retaining wall ; this is the better method, 
as it not only supports, but also protects the strata 
from the effects of the atmosphere, which in soils easily 
affected by the latter is a desideratum. 

Withdrawal of Water from Foundation Earth. — Edi- 
fices built on damp soil, such as a sand overlying a clay, 
have their stability endangered, should the water be 
drained away after the building has been erected, as 
it will cause the foundation earth to occupy a less vol- 
ume and in the sinking will tend to fracture or over- 
turn the walls ; therefore the depth of the concrete foim- 
dation must be arranged below any probable adjacent 
cutting. 

Distributed Overturning Pressures. — Distributed 
forces acting upon the upper level of walls, such as the 
continuous pressure of barrel vaulting, and the spread- 
ing tendencies of untied couple raftered roofs, and also 
the distributed pressures on wall faces, s\xc\\ SiS miid 
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pnmHuro, tend to cause failure in two ways: (1) by 
ov<Tturnini(, the minimum resistance being generally 
lit tlu^ changes of section, usually at the ground level; 
(2) by Hubj(H'-ting the leeward edge of the wall to the 
pnvwure Huffhncmt to crush the material, or by throw- 
ing the wiMght on a small area of the substratum, forc- 
ing it from its original position and causing a settle- 
niont. 

Tlu^ mfo load which may be placed upon any foun- 
dation depends upon the carrying power of the soil and 
the area ot the foundation footing. It is not the pur- 
pose of tht^ author to enter into a discussion of the carry- 
ing power of tile various kinds of soil met with, there- 
fore nothing will be given in that direction save the 
following table which will sen'e as a guide to the mill- 
wright wheii he must detennine whether or not the plans 
furnishtnl onll for an excessively heavj^ foimdation, or 
whether the mass of material shown imdemeath some 
heavy machine is insufficient for the particular soil 
met witli during the operations at hand. 

TABLE L— BEARING POWER OF SOILS. 

By Pk>£. Ira C. Baker, VniTersity of Illmois. 

Tons. sq. Ft 

Kind c»f \l«t«n«t Mia. Si ax. 

Rock- ih*^ har\lc*t--i» •hick layers* in native bed 2e»^ 

Rxvk *>ittal t\> b<*t a«htar masonry 25 3»> 

Rsvk <>iual to Nwt brick masonry 15 :?> 

Kvvk CNiual K* VHK^r brick masonry 5 !•» 

v'!a> v.»*^ thick Nf\l* vatways vlry> -* ♦» 

Ojlv v»«» thick beds V. moderately dry^ - 4 

Oay. sw-tt 1 2 

\lrAvvl a«td coar:se sand, wett cemented- ?> 1** 

S^ikK c\**ni.v*ct attd we^t cenwuted J ^ 

Saint. cle*«, dry - 4 

Ouicksjkitd. a!!vxviji: *ot*s. ^tc •>•-» 1 

• 

i\*HKWHtr^et{ laterQl Pressure. — ^The thmst caused by 
uuit<\l prtttci^^R as ^>ined faults or other forws aet- 
in^v: »t a tx>mt. v>r aloi^ Tnticd Uims on the wall. ar»* 
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Atmospheric Action. — Many otherwise thoroughly re- 
liable soils are practically reduced to the condition of 
mud if exposed to the effects of the atmosphere or to 
rain water. The variation in temperature at the dif- 
ferent seasons also causes the ground to expand and 
contract considerably. 

Where foundations are constructed in such soils, 
they must be taken sufficiently deep to be beyond the 
effects of the atmosphere, that is, below the line of 
saturation. 




FIG. 1. 
subveyob's level. 

• 

The line of saturation in the section of any part of 
the earth's crust represents the depth to which the soil 
at that part is saturated by the absorption of rain water 
and affected by atmospheric changes. 

Excavations, — Before commencing any constructional 

work in" connection with a building, it is necessary as 

the first operation to carefully take the levels of the 

site, in order first to arrive at an estimate of the 

amount of earthwork to be done; and secondly, to 

d^tennine the design of the basement story, this latter 



s ■ 



16 



HANDBOOK FOR MILLWRIOHTH 



often being materially affected if the differences in 
level of the various parts of the site are great. The 
next operation is to level the ground. This in most 
instances conasts in excavating and removing parts of 
the site, and in depositing earth in other parts to form 
embankments or to fill up hollow places. In order to 
conduct these operations in the most economical man- 
ner the levels must in all instances be taken and 
plotted with the greatest accuracy. This can only be 




efficiently done on areas of any magnitude by means 
of the surveyor's level, the method of employing which 
will be described later. All leveling operations for 
ordinary constructional work may be carried out by 
referring them to the principles laid down for per- 
forming the three following operations : 

1. Taking levels of site: 

2. Leveling the bottoms of trenches for drains or 
foundations. 

3. Embanking for roads, or leveling of depression-s. 
Instruments. — The instruments required to determine 
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the levels of the site are: first, the surveyor's level; sec- 
ond, the measuring staff ; third, ranging poles and chain 
or tape. 

Methods of Leveling, — Taking the levels of a site may 
he carried out in one of three ways: First, by taking 
a number of section lines across the site; secondly, by 
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FIG. 3. 

PLAN OF STATIONS. 



erecting the level in a commanding position and tak- 
ing the relative heights of the salient points and noting 
them on plan (this method is only applicable for small 
sites) ; thirdly, by contours. 

In all three methods it is necessary to have a datum 
level to commence from, and to which all other 
levels can be referred. A line on some permanent 
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struetiire in the immediate vicinity is usually taken, 
or if such does not exist, a stout stake is driven in the 
ground in a position away from the work where it is 
not likely to be disturbed. 

First Method. — A number of sections are ranged 
across the site, each line being numbered or lettered; 
the level is then set up on, or in close proximity to the 
first line and the datum; the measuring staff is then 
held by an assistant on the datum point and then on 




the extremity of the line, the relative heights of the 
two points being recorded in a field book kept for that 
purpose. A number of points on the line are then 
taken, and the measuring staflf is held over them and 
their relative heights are recorded, and their distances 
from the beginning of the line are measured. When 
the bottom of the measuring staff rises above, or the 
top becomes depressed below the line of sight through 
the rise or depression of the ground, the level must 
be moved further along the line and the preceding 
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operations repeated. Pig. 5 illustrates the method. 
The following is a form of field book with the reading 
for a section entered: 
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Back 1 
Sight. 


Inter. 
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sight. 
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4.04 


121.73 


11.57 


ii.57 


Bench 


Mark C 




25.77 


21.73 










4.04 
















21.73 





The above shows a typical field book. The reduced 
level of the first point is taken as 100 ft. above a 
datum level; the levels are all read in feet and hun- 
dredths of a foot; the distances are taken in chains 
and links, but may be taken in feet and inches. The 
rise and fall columns should be balanced, also the first 
and last reading in the reduced levels; these two 
quantities will equal each other if the computations 
have been correctly made. 

Second Method, — The second method is evident from 

the previous explanations. 

Third Method. — The method of contouring is the 

most useful, but takes the longest time to perform it; 

it consists in describing upon a plan a series of level 

lines with a uniform vertical interval between them. 
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To carry out this operation it is usual to erect the 
inatiTiment on the highest point of any section of the 
area to be contoured, and from this point to range a 
number of lines radiating from it, their direction being 
fixed by taking their bearings. The height of the 
instrument is then taken, and the man with the meas- 
uring staff is directed up or down each line in succes- 
sion until a number of points of the required vertical 
interval and their distadces from the initial point are 
determined. This method is most useful for laying 
out large estates where extensive works are projected, 
as on such a plan the problems of drainage and roiida 
of convenient and economical gradients can easily be 
laid down. 

When the levels of a site are known, and the build- 
ing is planned, and the location of two of its leading 
lines are determined, to set out the remaining lines of 
an ordinary building becomes a simple matter, only 
requiring great care in the measurements of the parts. 
If the setting out is rendered difficult thrnufj:h differ- 
ences of level in the paths, a theodolite would very much 
simplify the operations. 

Boning Method of Leveling. — This operation is used 
for the leveling of trenches, ground work, paving, etc. 
There are three rods in a set; two of these are leveled 
at a distance of about 10 ft. apart; a third rod is then 
leveled' at a similar distance, taking care to reverse the 
long level. The center rod is then removeil. and the 
level transmitted to any point along the line by sight- 
ing or boning over the first and third rods. 

Pig. 10 shows the method of using boning rods and 
setting a curbstone. 

Trenching. — ^^Vhen the lines of the building have 
bnen laid down and all its salient angles pegged out, 
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the work of excavating the trenches commences. It 
is absolutely necessary that the trenches should be 
level along their bottoms. To ensure this, two or 
more sight rails (as sho^^n in Figs. 6 and 7) are erected 
over the trench; it is necessary that the side posts of 
these should be fixed in such a position that they shall 
not be disturbed by any of the subsequent operations. 
A level line is sighted through the level and marked 
on the sight rails; the cross bar is then fixed on each, 
and a mark is made on the bars plumb over the center 
of the trench. The width of the trench is marked out 
with the line and pins (see Fig. 9), and the excava- 
tion is carried on, timbering being inserted as the 
earth is removed, if required, by one of the methods 
afterwards described. When the full depth of the 
trench has been nearly reached, a number of points 
are sunk to the exact depth by means of boning rods, 
the top of which is sighted between two of the sight 
rails, a^s shown in Fig. 8. The remaining parts of the 
trench bottom are then taken out level between the 
points so determined. A similar process is pursued 
for sinking a trench for a drain, the variation being 
that the sight rails have a difference in height neces- 
sary to give the required fall. 

Embanking. — The method of forming an embank- 
ment is as follows: The center line of the proposed 
work is ranged out on the ground, and at equal inter- 
vals along the line boning rods are erected, the two 
extreme rods being first fixed either level or with a 
difference in height sufficient to give the required 
gradient; a rod is then erected on each of the intervals 
determined upon, and boned between the two extreme 
rods. The embankment la then commenced from one 
eni], the earth \h m carts or wagons 
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until the tops of the boning rods are reached ; suffieiout 
■ earth in excess must be allowed for to compensate for 
compression and settlement. The width of the ein- 
bankmeut is completed as the work is pushed fom'ard, 
ag shown in Fig. 9. 

Timbering for Excavations. — It becomes necesaarj', 
where earth has to be excavated to any considerable 
depth, for foundations or other purposes, to support 
the sides of the cutting until the sinkings, or trenches 




FIG. 10 



are filled in, or other action taken to permanently 
support the sides. This end is attained by means of 
timber shores, the arrangement of which is modified 
and governed by several conditions, such as the natiire 
of the soil, the size of the cutting, and the special 
peetJiaritaes of the particular piece of work under 

, consideration. 

! There are three typical methods of strutting used 

I for supporting the sides of narrow trenches excavated 
for foundations or drainage work, shown in Figs. 11 
and 12. 
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The first, used for finn ground, consists of short 
upright members, termed poling boards, out of ' 




9x 11/2 in-, usually from 3 to 8 ft. loiiti. placed in posi- 
tion in pairs, oni' board on eiicb side of the cutlinn; 
these are kept apart by struts out of about 4x4 in., or 
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short ends of scaffold poles cut and driven tightly 
between the poling boards. The strutting is fixed as 
soon as the trench has been made sufficiently deep. 
The horizontal distance apart between the adjacent sys- 
tem of strutting varies according to the cohesive strength 
of the soil, but never less than 6 ft., which is just suffi- 
cient to allow a man to work in with effect. . 

The method, shown in Fig. 12 is adopted where the 
earth requires to be supported at shorter intervals than 
6 ft., and consists of upright poling boards and struts 
as before, but with the addition of a horizontal timber 
termed a waling piece. The process of fixing is as fol- 
lows: The cutting is made, commencing at one end, and 
as soon as sufficient earth has been excavated a pair of 
poling boards and struts is inserted as in the first 
method ; this process is repeated, fresh poling boards be- 
ing fixed at distances apart varying with the nature of 
the eartli, these distances being in some instances very 
short. 

Horizontal members, 4x4 in. or upwards, are placed 
one on each side of cutting and strutted tightly against 
the poling boards. After about 12 ft. has been thus 
cleared, the struts which were fixed first are then 
knocked out; a fresh depth is commenced, and treated 
in a similar way. 

The third method is employed where the earth is very 

. soft, and consists in laying horizontally boards, usually 

9x11/2 m-? against the sides of the excavation; the 

boarding laid in this manner is termed sheeting, which 

is supported by upright poling boards and struts, a^ 

ihown in Fig. 13. The method of fixing is as follows: 

The earth is taken out to a depth of 9 in., and a pair 

of boards is inserted and strutted apart ; another depth 

of 9 in. is then taken out, and sheeting fixed as beioT< 



HANDBOOK POR MILLWRIGHTS 




EXCAVATIONS 



27 



This process is repeated until a sufficient number of 
boards has been inserted, usually four; upright poling 
boards are then placed in position against the sheeting 
Slid strutted apart, as shown in Figs. 13 and 14; the 
first fixed struts are now struck and cleared away. 
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9x2 hlfeJio 
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The above system may be improved upon, when the 
depth of the cutting is not too great, by cutting the 
ffldus of the excavation to a slight batter, as shown in 
Pig. 14; by so doing the timbers are prevented from 
Ming should the earth contraet on hecnming drained; 
it ilso facilitates the fixing of the struts. 
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This proceas is repeated until a sufficient number of 
boards has "been inserted, usually four; upright poling 
boards are then placed in position against the sheeting 
and strutted apart, as shown in Figs. 13 and 14; the 
fiist tixed struts are now struck and cleared away. 




9x2 holfeJio 

fie sfrufs 

•ufslfijclSi 



The above system may be improved upon, when the 
I depth of the cutting is not too great, by cutting the 
sides of the excavation to a slight batter, as shown in 
Pig. 14; by so doing the timbers are prevented from 
falling should the earth contract on becoming drained; 
it ako facilitates the fixing of the struts. 
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Large Cuttings. — Continuous trenches, if made in bad 
ground, are generally arraiiged as shown in Fig. 15. At 
intervals guide piles are driven in, to which walings avp. 
bolted, and sheeting consisting of boards about 10 ft. 
long, shod with iron, termed runners, inserted between; 
these are driven a short distance into the ground, the 
earth between the two systems of piles being then taken 
out, and care taken not to excavate within a foot of the 
bottom end of the runners, which are again driven in 
and the process repeated. After the excavation of tlie 
first part, wales, consisting of whole timbers, are placed 
in position and strutted apart, the struts being also of 
balk timher. Long struts are supported in the direction 
of their length by short uprights secured to them by 
dogs. Uprights are also placed between the waling pieces 
as each fresh one is inserted. 

After the ground has been excavated to the depth of 
the runners, a fresh system of piles and runners is driven 
slightly to advance of the former system, and the ground 
excavated as before. Cuttings are made in firm ground 
by excavating the earth and using ordinary sheeting, 
but if the cuttings are required to exceed 30 ft. in width, 
it is foimd to be more economical to adopt a system of 
raking shores. 

The method illustrated in Figs. 16 to 18 is employed 
where the ground is soft and waterlogged, and is espe- 
cially suitable for running sand. By this method as 
much of the earth is taken out as is possible without the 
sidea of the excavation falling in, generally from 4 to 
6 ft. ; this is then supported by upright sheeting, waled 
ajid strutted. The excavation is continued by lining the 
cutting with a secondary system of runner, i. e., battens 
7x2 in., pointed at lower ends and of about 9 ft. in 
length. These are waled and strutted. Between each 
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runner and waling piece a wedge is inserted. The 
method of proceeding with the excavation is as follows: 
The wedges securing one runner are loosened, the earth 
fritm the foot removed to a depth of about 12 in., thr 
ninner heing dropped as the ground is removed and re- 
wedged. Each runner is successively treated in this 




manner till the whole system has been lowered the neces- 
sarj- amount. It is essential that the feet of these run- 
ners should be at all times kept in the ground, as. if 
any portion of the vertical side of the excavation ho 
exposed, the eaith Is liable to ooze out and leave the 
back of the runners luisupported and cause the whole 
system to collapse. 
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Sinking Shafts. — It is often necessary to sink shafts 
for foundations, etc. These are made from 4 ft. square 
and upwards, the former being the smallest size a man 
can work in without diflSculty. 

Shafts from 4 to 9 ft. square are timbered as shown 
in Fig. 19. 

In ordinary soils the earth is excavated to a depth of 
at least 3 ft., and in firm soils 6 ft. The sides of the 
excavation are then lined with vertical sheeting, con- 
sisting of boards 9 in. wide, 1 to l^/^ in. thick, strutted 
apart by frames of horizontal waling timbers, a pair 
of which is placed in position against two opposite sides, 




FIG. 19 

and strutted apart by another pair driven tightly be- 
tween and against the remaining sides, these being se- 
cured by cleats nailed to the fixed waling pieces. An- 
other depth of earth is then taken out and a second sys- 
tem of sheeting placed in, the upper ends of which lap 
about 1 ft. over the lower ends of the first system of 
sheeting; another frame is placed in position as be- 
fore, securing both systems of sheeting. Uprights are 
fixed in the angles between the waling pieces, and often 
at intermediate positions along their length. This pro- 
cess is repeated till the required depth is obtained. 
The timbering requires to be supported if the depth 
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be great, to prevent it from sliding down on the re- 
moval of the earth from its lower end. AVhere this haa 
to be done, the upper end of the shaft is left projecting 
about 3 ft. above the ground level. The two first fixed 




uMo/t: 



waling timbers at the ground level are continued through 
the shaft, and project several feet on either side, a good 
bearing on the solid ground on both sides of the shaft 
being thus obtained, as shown in Figs. 20 and 20A. 
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These members are usually out of square timbers ; they 
are strutted apart as described. An upright vertical 
timber is notched over this, and spiked to the face of 
the waling timbers below, the whole being thus tied to- 
gether. 

These are often supplemented by similar timbers at 
the bottom of the shaft. These timbers are fixed in two 
pieces, with a scarf in the center; they project about 
3 ft. into both sides of the pit. A chain is sometimes 
employed in addition to the timber spiked to the walings. 




FIG. 21 

Intermediate struts are required to support the hori- 
zontal walings where the size of the pit is above 9 ft. 
square. One system of struts is fixed between two op- 
posite sides, being supported at their ends by cleats, as 
shown in Figs. 21 to 23; these being necessary to pre- 
vent the timbers falling should they become loose dur- 
ing the progress of the work. The struts that support 
the remaining sides intersect by butting, as shown in 
Fig. 22, against the first system, and are therefore fixed 
4n two pieces. The struts at their intersection are sup- 
ported by uprights, on the upper ends of which short 
ends of timber are placed, projecting beyond the sides, 
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acting as corbels, and forming a le<^ upon which the 
shorter stmts take a bearisg. 

The earth is raised from the bottom of the abaft, if of 
a great depth, by means of hoisting tackle; but if the 
cutting be shallow, stages are often erected in 6 ft. 
heights, the earth being shoveled from one to the other- 
till the top is reached. 

Tunneling. — In building operations it is often neces- 
sary to bore a tunnel in order to construct drains, etc., 
the process being carried out as follows: 

Tunnels are- made just large enough for a man to 
work in, that is, from 4 to 7 ft. square. The earth is 





taken out in sections of about 3 ft. at a time, poling 
boards of the same length being then placed against the 
upper surface, and kept in their position by a system 
of strutting, consisting of a head, sill and two uprights, 
out of either round or square timbers. The sill is placed 
in position first, being partly bedded in ground to pre- 
vent lateral motion, and being bedded in its correct ver- 
tical position by boning through from the sills previously 
bedded; the head nest, then the struts, which are cut 
and driven tightly between the two. The next section 
is then cleared out, commeneing at the top, just enough 
being taken out there to allow of the next system of 
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poling boards being inserted, these being arranged to 
overlap the first system at their back end, the two being 
then strutted up together; this process is repeated till 
the tunnel is finished. ' 

If the soil be bad and the sides liable to fall in, thev 
must also be lined by poling boards, these being kept in 
their place by the uprights. 

Lai^e spikes, similar in shape to floor brads, are 
driven into the head and sill, with their heads left pro- 
jecting so as to be easily withdrawn, to secure the struts 




FIG.. 24 



FIG. 25 



when in position. Wood cleats are often used in place 
of these. 

These tunnels are usually made slightly tapering from 
the base to the head, as shown in Figs. 24 and 25. 

Foundations, — The construction of foundations varies 
with the nature and bearing strength of the soil. The 
following are the ordinary soils met with in practice 
and the method of treating them: Rock, chalk, gravel, 
clay and sand. 

Bock, — Foundations laid upon the solid rock are un- 
doubtedly secure, as far as settlement is concerned ; such 
a substratum being practically incompressible. Rocks 
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often have fissures and defective parts, and all gaps 
must be filled up with concrete, any unsound parts be- 
ing cut away. Rock foundations are very expensive in 
working, owing to the extra labor involved in cutting 
them ; but where they occur they may be built upon * 
direct. 

Chalk. — The sites for buildings on chalk or marl soil 
should be drained, and precautions taken to prevent 
them becoming wet. Where this can be done, the struc- 
ture can be built upon the chalk or marl direct, after 
it has been leveled; but where heavy buildings are 




FIG. 26 

erected, or great weights concentrated, concrete should 
be employed to distribute the pressure. 

Gravel. — Where lateral movement is not likely to oc- 
cur, gravel is one. of the best soils to build upon; it 
is not affected by the action of the atmosphere, and is 
practically incompressible. 

Clay, — Clay is a good soil to build upon where the 
foundations are taken deep enough to be beyond the 
action of the atmosphere. Clay is very subject to ex- 
pansion and contraction with the variations in tempera- 
ture, and is therefore dangerous to build upon unless 
protected. 

Sa?id. — ^Sand is a good material to build upon, if it 
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can be kept dry and confined laterally; if subjected to 
the effects of running water it is liable to be scoured 
fponi about the foundation. 

In all the above soils, with the exception of the rock, 
and the chalk when in a good condition, it is usual to 
form a bed of concrete, the area of which is propor- 
tioned to the weight to be carried and the bearing 
strength of the soil. 

The following are cases that require special treatment : 
(1) Soft soils of a great depth; (2) soft soils with hard 
strata beneath; (3) soils not having a uniform resist- 
ance, formed of rocks which have hollows or fissures 
filled up with some softer material. 

A good and easily applied test for the soil can be made 

as follows: Place a bearing one foot square upon the 

soil at the bottom of the excavation, and load it with 

stones, brick or anything having weight, until the square 

foot of foundation begins to squeeze its way into the 

soil. Then note the w^eight of material that was placed 

upon the foundation, and allow such factor of safety 

as is deemed necessary. The one foot square foimdation 

may be a piece of 2 x 12 inch plank, or anything solid. 

In this manner the number of tons per square foot that 

the soil will safely carry may be estimated, and the 

foundations be built accordingly. 

In preparing footings on which to lay bricks, care 
must be taken to keep the work in line and fairly level 
on top before the brickwork is commenced, whether the 
lower footings be of stone or of concrete. At this WTit- 
ing, concrete seems to be the popular material in iLse 
for the lowest layer of foundation, and justly so, as, 
when properly put in place, and the proportions of the 
various materials wisely assigned and mixed, the work i 

will be as though one solid stone was laid all round the *^ 
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building on whieli the brickwork may be placed. An il- 
lustration of the proper method of laying in a concrete 
footing is shown in Fig. 26, and one that has been 
adopted in many an architect's oflSce and many a mu- 
nicipal building department. Taking the wall in sec- 
tion and extending the concrete each side of the bottom 
course of footings, drop perpendicular lines as outside 
width of concrete, the depth being determined by an 
angle of 45 degrees, passing from the point A of the 
next work, and cutting the outside line of concrete. A 
cubic yard of concrete would require 27 cu. ft. of broken 
brick, stone or shingle, 9 cu. ft. of sand, 4^/^ cu. ft. or 3V2 
bu. of Portland cement, and 25 gal. of water. These 
quantities should be correctly measured, turned over to- 
gether three times dry, and again several times while 
the water, through a hose, is being sprinkled over the 
mass. Broken brick or stone small enough to pass 
through li/o-in. mesh is preferable for the aggregate. 
The practice of throwing in concrete from a height, in 
order to consolidate the mass — ^whieh used to be consid- 
ered essential, even when staking had to be erected and 
the stuff wheeled up to the required height at consider- 
able expense — ^has now exploded. It should be brought 
on to the side, deposited and lightly punned or beaten 
do^\^l with wooden rammers, but only just sufficient to 
bring the moisture to the surface; if rammed too much 
the cement comes up with the water. If, however, it is 
more convenient to tip the concrete into an excavation, 
no sensible injury will be done to it. 

The objection that, in falling, the heavier particles 
separate from the finer is, from the very stickiness of 
the mass, more theoretical than practical, and. at the 
most, applicable only to each separate barrow load tipped 
in, and not to the whole bed. Sliding it dowTi a wooden 
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shoot, hcwever, should never be permitted, as the cement 
and small stuff cling to the sides and run down in a 
muddy slush; while the stones are shot out into a sep- 
arate heap by themselves. 

In ordinary foundations the concrete should be de- 
posited in horizontal layers, about 2 ft. thick, and care 
should be taken to cover any joints in one layer by the 
succeeding one. as the joint between two days' work is 
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FIG. 27. 

FORM FOB LAYING CONCBETE. 

always a weak part ; moreover, the last layer should be 
well w^etted to insure a proper connection with the next. 
Fig. 27 shows a plan and sectional elevation of a form 
for placing a concrete pier. It consists of three square 
boxes, open top and bottom, being simply nailed up 
square, and the cleats, e. e., nailed on to hold the sides 
together firmly. In the design shown in Fig. 27, 8-in. 
boards are used and the forms are square, but ttv^y T£v^^ 
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be eonstrueted oblong, triiiugiilar. or of such shape as 
the completed pier is to be. In placing the concrete, the 
box a is first placed in position and tilled with concrete 
level full. Then box b is laid on top of this, and two 
pieces of board, d d, are nailed on for the purpose of 
keeping box b in place until filled. After this box ia 
ramnied full of concrete, the third box, c, is placed in 
position, cleated at d d and ramnied. Of course, the 
forma may be constructed of such shape and dimensions 
as will meet the requiremenf-s of the case, "Fig. 27 being 
presented simply to illustrate the method, A wrongly 
designed type of form, and one that will catise consid- 
erable of trouble in the laying of the concrete ia illus- 
trated in Pig. 28. It will be seen that in this form the 
sides taper from the bottom up to within a short dis- 
tance of the top when they are closed in toward each 
other at a sharp angle. In filling a form of this shape 
with concrete much under-ramming is required to get 
the concrete into certain parts, as will be seen by ref- 
erence to Fig. 28, where the surface at the bottom of 
pier ia 30 inches square, while the opening at the top 
of the form through which the concrete mnst he rammed 
is only 12 inches square. These examples are given 
merely for the purpose of showing the need of exercising 
good judgment and care in all the details of construc- 
tion, for although plain concrete construction is com- 
paratively simple, and as in stone or Urick work, it con- 
sists of placing the material in such a position that it 
will sustain its own weight and the weight of the build- 
ing or machine to be placed upon it. yet there are right 
and WTong methods of doing this, and the millwright 
who is watchful of his employer's interests \ 
endeavor to jiiirsue the right method. 
the concrete used is also an important factor, and j 
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rigid inspection of the materials entering into the foun- 
dations should be maintained. The methods of testing, 
together >vith rules and formula for the correct mixing 
of the ingredients will be described later on. 

Transverse Strength, — The transverse strength of con- 
crete should not be depended upon to any extent, neither 
should its tensile strength. Bear in mind, in all con- 
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FIG. 28. 

Crete work, as in masonry, that in unsupported spans 
the material must be so placed that it is held in place by 
its own weight and the weight of any load which may 
he ahove it. This fact limits the use of concrete to the 
arch, the pillar and the wall. The concrete beam cannot 
he used except at the sacrifice of economy of construc- 
tion* 
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EfiHfortfd C*mi:rftf, — ^When wwierete must be used 
f«>r beazus. it shtxdd be reinforeed with steel bars suffi- 
cient tt> eany the tensile strains to which it will be sub- 
je«:ted. All beams are subjected to compression on top 
and to tension on their bottom sides, therefore the steel 
bars and the concrete should be so disposed that each ele- 
mmit will carry its part of the load. "While tests of con- 
crete show a tensile strength of 2.000 to -tOOO lbs, per sq. 
in., still this property of ctmcrete should be entirely 
ignored. Under a shearing strain it will withstand 50 to 
65 lbs. per sq. in., and under compression its strength 
ranges from 2.000 to 4,000 lbs. per sq. in., providing it 
Las been well made, and mixed according to the formula 
1-2-4. and is at least one month old. Allowing a factor 
of safety of 4, the safe working value of such concrete 
would range at from 500 to 800 lbs. per sq. in. What 
is called cinder concrete is not nearly so strong. Under 
test it will stand only 1,000 lbs. per sq. in., and with 4 
as a factor of safety, its working strength is limited to 
250 lbs. per sq. in., and should be less when the load is 
vibratorj', as with running machinery. 

Placing and Removing Forms. — The work of placing 
and removing forms should be done in such a way that 
there will be no settling whatever, as this would break 
the adhesion between the cement and the steel bars be- 
fore the cement has had time to properly set. 

In removing the forms from work, ten days should 
elapse before they are removed from the sides and top 
of beams, and no less than four weeks from the bottom 
of beams and j^irders. The shoring should be allowed to 
remain tliat length of time, and in very long beams and 
in wlabs the shoring should bo kept in position for six 
WiM'ks after the work was poured. 

The eoeffieicnt of expansion of eonereto is 0.0000055 
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its length for each degree Pahr. As wrought iron is 
0.0000068, and steel is 0.0000067, there never will be any 
trouhle from different expansion of reinforced concrete, 
as the expansion of both substances is almost identical. 
The adhesion of concrete to steel is taken at 300 pounds 
to the square inch. In the design of beams which are 
to be reinforced, the designer will do well to limit the 
compression strains to 600 pounds to the square inch, 
the diagonal tension to 60 pounds and the average com- 
pression 300 pounds. The steel in any beam or other 
reinforced work should not carry a tension strain greater 
than 20,000 pounds to the square inch, and the shear 
should not be more than 12,000 pounds. The compres- 
sion should be limited to 10,000 pounds in round bars 
which should not be used larger than 1 inch in diameter, 
and unless hooked around some object at the end with 
a 6-inch hook, bars should have from 30 to 50 diameters 
of length to develop their grip ; in other words, to pre- 
vent their load from slipping or pulling them away from 
their union with the concrete. 

Testing Cement and Aggregates, — It is the usual prac- 
tice to speak of concrete as being composed of cement, 
sand, and aggregates, although some workers include the 
sand with the stone or gravel and use the expression 
cement and aggregate. Cement may be subjected to 
several physical tests which will show to the user whether 
or not it is fit for use in concrete construction. The 
following-described methods of testing cement are given 
according to the requirements of the American Society 
of Civil Engineers: 

Test for Fineness. — The cement having been properly 
sampled, being taken from a barrel through a hole in 
the middle of one of the staves by means of an augur, 
9r a testing spoon, or if in bags the sample is to be taken 
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from surface to center and sifted througli a ; 
20 meshes to the linear inch to break up tlie Imnps and 
foreign material, a quantity of the cement is weighed 
and placed in a sieve having 200 meshes to the linear 
inch, and after having hi>en .dried at a temperature of 
212 degrees Fahr,, if necessary, the sifting is accom- 
plished by placing a pan under the sieve, a cover on top, 
and then shaking the sieve, patting it at the rate of 200 
times a minute with one hand to help pass the cement 
- through the very fine wire cloth of the sieve. The shak- 
ing is to be continued until not more than 1 per cent 
passes through after one minute of continuous shaking. 
Some large shot added to the cement in the screen will 
hasten the screening of the quantity which is usually 
taken at 50 or 100 grains {1.76 or 3.52 ounces). The 
cement that does not pass the 200 sieve is weighed, and 
not more than 25 per cent of the weight of the cement 
should thus be rejected by the No. 200 sieve. The resi- 
due left on the No. 200 sieve should then be placed on 
the No. 100 sieve, and the residue there should not be 
more than 8 per cent of the total weight of the sample. 
Cements that leave more than 25 per cent ou No. 200 
and more than 8 per cent on No. 100 sieves should be 
rejected. 

The above applies to Portland cement. Natural ce- 
ment should be rejected if more than 30 and 10 per 
cent, respectively, fail to pass the No. 200 and the No. 
100 sieves; but as natural cement is miicli weaker than 
Portland cement, it is not much used by engineers at 
present. 

Tesis for Constancy of Volume. — The millwright will 
not he able to make tests for tensile strength, but he 
can make tests for constancy of volume. 

The method to be pursued in making tests of this 
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kind is as follows: Procure three small size panes of 
glass not less in size than 8 x 10 in., and upon each one 
of these make up a small pat of cement three inches in 
diameter and one-half inch thick in the middle, tapering 
down to a thin edge all around, as shown by Pig. 29. 
These pats may best be made by mixing the cement and 
placing it on pieces of glass, patting it down to the shape 
described above. 




Section 




Plan 

FIG. 29. 

METHOD OF TESTING CEMENT. 

These pats are kept in moist air for 24 hours, being 
placed in a box containing a wet sponge or. wet paper, 
and the box covered with a wet cloth which is to be 
kept wet. The pats should all be firm and hard at the 
end of that time and show no signs of curling up from 
the glass, or of checking or cracking, or of crumbling. 
Three pats should be made as above; then, after the 
24 houi^ in moist air, one pat should be laid aside in 
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air, another immersed in water at about 70 degrees, and 
the condition of both pats observed daily for 28 days. 

The Accelerated Test for Cement. — ^But it requires 
too much time to make tests of this kind, therefore there 
has been devised what is known as the accelerated test, 
whereby the condition of the cement may be rapidly de- 
termined if it passes satisfactorily the 24-hour test in 
moist air. Two of the three pats made for the tests have 
been disposed of. The third pat is for the accelerated 
test, and that pat is placed in steam escaping from boil- 
ing water for five hours, being placed just above the 
boiling water and loosely covered for the time men- 
tioned. 

If the cement passes the boiling or accelerating test, 
it may, in addition to having passec^ the fineness test, 
be accepted, but if it fails to pass the boiling test, it 
should be held to be tested for tensile strength, a portion 
of the cement being sent to a laboratory for that pur- 
pose, where it is made up into briquettes having a 
middle section of one square inch. These briquettes are 
made and placed in moist air the same as the pats, then 
they are put into air and into water in the manner also 
described for pats. Three of these are also made, and 
one is broken at the end of 24 hours, xhe other afte/ 
7 days, and the other is kept for 28 days before it is 
pulled apart in a testing machine. 

Tensile Strength Tests. — In addition to the three 
briquettes above described, three more briquettes are 
made at the same time, but consisting of one part ce- 
ment, three parts sand, and broken at the ends of the 
times specified for the neat cement briquettes. The re- 
sult of the breaking tests should be as follows : 
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Age. PORTLAND, NEAT CEMENT. Strength, Ibs. 

24 hours in moist air 150-200 

7 days (1 day in moist air, 6 days in water) . .450-550 
28 days (1 day in moist air, 27 days in water) . .550-650 

ONE PART CEMENT, THREE PARTS SAND. 

7 days (1 day in moist air, 6 days in water) . .150-200 
28 days (1 day in moist air, 27 days in water) . .200-300 

NATURAL, NEAT CEMENT. 

24 hours in moist air 50-100 

7 days (1 day in moist air, 6 days in water )., 100-200 
28 days (1 day in moist air, 27 days in water) . .200-300 

ONE PART CEMENT, THREE PARTS SAND. 

7 days (1 day in moist air, 6 days in water).. 25- 75 
28 days (1 day in moist air, 27 days in water).. 75-150 

Cements which do not pass the fineness and the pat 
tests, should be treated as above, and accepted if they 
pass the 28-day tests. Some cements fail under the 24- 
hour tests, and even the 7-day tests, but pass the 28-day 
tests successfully.- These are evidently slow setting ce- 
ments, and should not be rejected too hastily. 

Tests for Specific Gravity and Time of Setting, — The 
specific gravity of a cement may be ascertained by weigh- 
ing with the same scale used in making the test for 
fineness. The material should pass the following tests: 
Portland cement — Dried at 212 degrees Fahr. ; spe- 
cific gravity, 3.10; time of set, initial in not less than 
thirty minutes, and must develop hard set in not less 
than one hour nor more than ten hours. 

Natural cement — Dried at 212 degrees Fahr; spe- 
cific gravity, 2.8; time of set, initial in not less than 
ten minutes, and hard set in not less than thirty min- 
utes nor more than three hours. 
Tests of Sand. — ^Standard sand is that which is caught 



on a Nn. 30 sieve, after passing through No. 20. For^ 
making the various tests required in cement block conj 
stniction, and sand-lime factory construction, theiH 
should be provided a collection of sieves as follows : Na^| 
2, 4, 8, 12, 16, 20, 40, 60, 80, 100, 120, 150 and 2ofl 
besides an. accurate scale for the weighing of samples, S 

Tests for Specific Gravity, — -The specific gravity of o^M 
ment may be tested by the following method : First, d^M 
a small quantity of the cement; then proeure a botti^| 
that will hold about three times the quantity of tl^| 
cement, which has already been weighed; fill the bott^H 
with water at a temperature of 60° Pahr,, or as ne^| 
as possible to that temperature. ^M 

Next, procure another vessel from which the water in{^| 
be easily poured into the bottle, or vice versa. CarefuoH 
weigh the secimd vessel, making a record of its wei^H 
and also of the weight of the dry cement that has be|^| 
selecteil, the volume of which should be suffieient to ^H 
the bottle about one-third or one-half full. The botf^| 
being full of water, pour about one-half of it into t^M 
second vessel, and then introduce the weighed quantilM 
of cement into the bottle, and shake it enough to g^M 
all of the cement thoroughly wet; also see that no a^| 
bubbles remain under the water. The second vessfl 
should now be again weighed in order to ascertain tt^| 
weight of the portion of water that w;is poured into ^M 
from the bottle. The result will be the weight of tflU 
water which has been displaced in the bottle by tu| 
known quantity of cement. - ■ 

Divide the weight of the water displaced from tb9 
bottle by the cement, and the quotient will be the spoS 
■ cific gravity. Multiply the weight of a cubLc fiiot rii 
water (62.5 lbs.) by the specific gravity and the product 
will be the weight of the cement to the cubic foot. 
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Before the cement is placed in the hottle its bulk or 
volume should be ascertained by packing it carefully 
into a box or cylinder of known dimensions, then, if the 
bulk measurement of the displaced water, be divided by 
the bulk measurement of the cement, the result will be 
the percentage of solid matter in the cement. Substraet 
the percentage thus found from 100 and the rasult will 
be the percentage of voids in the cement, which well 
shaken down into the measuring vessel, will range from 
30 to 50 per cent. 

The Use of Oil for Gravity Determination. — The den- 
sity test for cement described above, although accurate 
enough for the rough work required by the millwright, 
is not correct, owing to the possibility that some of the 
lime present may be hydrated when in contact with the 
water. To make this test correct enough for scientific 
purposes, kerosene oil should be used instead of water 
for filling the bottle described above. The work is the 
same except that to obtain the weight to the cubic foot 
the specific gravity must be multiplied by the weight of 
a cubic foot of kerosene oil. That substance having a 
specific gravity of about .7 to .8, it is necessary to cal- 
culate the weights to the cubic foot accordingly. 

For instance : at a specific gravity of .7, the weight to 
the cubic foot of the oil would be .7 x 62.5 == 43.75 
pounds to the cubic foot and for other densities in pro- 
portion. It is recommended that naphtha having a 
sp.gr. of .729 be used for this test. "When such a light 
oil is used, care must be taken to prevent error through 
a portion of* the oil volatizing between the times it is 
weighed. A very interesting exhibit can be made of the 
cement in the naphtha if the mixture be placed in a tall 
thin bottle or tube and well shaken, then allowed to settle. 
It will be found that the cement is graded in t\\e t\\\i^, 
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the heavier and coarser portions going to the bottom, 
the finer particles next, and so on to the top of the mix- 
ture, where if there should be a deposit of yellow sub- . 
stance, it indicates the presence of under-burned mate- 
rial in the cement. This test applies more particularly 
to Portland cement. 

Broken Stone and Sand. — In the making of concrete, 
care should be exercised to see that no decayed or very 
soft rock is used in crushing the aggregate, because the 
strength of concrete depends upon the strength of the 
rock used in its make-up, therefore if rotten shale, either 
in the form of gravel, or broken stone be used, the result 
will be weak concrete. In case the concrete should be 
exposed to fire, limestone rock should be avoided, and 
also feld-spar for the same reason. Although sand and 
rock must be used in making concrete, these materials 
should not be allowed to come together before they arrive 
at the mixing table, or machine. If mixed in the bin 
some portions of the concrete will have more fine par- 
ticles than other portions, and it is impossible to judge 
the proportions met with in different parts of the same 
bin, and this being the case it is not possible to make 
uniform concrete from material mixed in the bins. 

The correct proportioning of the rock and sand to- 
gether with the cement depends, as has already been 
said, upon the nature of the materials at hand. The fol- 
lowing described method may serve as a guide in the 
process: Construct a square box, 12 inches inside meas- 
urement, with tight bottom but no top. Weigh this box 
carefully and fill it with the broken rock, shaken down 
as closely as possible, and weigh accurately. Shake out 
the broken rock and mix with it a certain proportion of 
smaller broken stone or gravel. Add a small quantity 
at a time and replace in the cubical box. Note the 
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amount of fine stone which may be added without in- 
creasing the volume of the broken stone. 

Having determined the above point weigh the con- 
tents of the box and note the increase i weight to the 
cubic foot caused by filling the voids with smaller pieces 
of broken stone. Next, repeat the operations, this time 
using sand which is mixed with the coarse and fine rock 
and replaced in the cubical box. When the point is ar- 
rived at which gives the heaviest weight to the foot, the 
mixture then contained in the box is the one which the 
millwright should seek to maintain continually. 

The time-honored rule is: 

Cement Sand Stone 

12 3 for machine foundations. 

12 5 



b. 



} 



1 01/ ^ r for building foimdations. 

1 2^2 ^ 



Recent advance in concrete proportioning has demon- 
strated that these rules are far from accurate, and that 
the quantity of cement and sand cannot be determined 
by any empirical formula, but must be determined from 
actual tests of the cement, sand and broken stone or 
gravel. 

In the majority of instances the 1-2-3 and 1-2-5 rules 
call for too much sand and cement, and not enough 
[ gravel, especially when the smaller sizes of rock, say 
y2 mch be used. 

Proportions of Cement and Water, — The desired pro- 
portion of cement may then be added to the contents of 
the box, and that percentage of cement which can be 
added to the box without increasing the volume of the 
contents, will prove the quantity best adapted to the 
niaterials being used for that particular concrete. 
le V f^inally, the box may be emptied again, and the water 
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added, experiments being made to determine exactly how 
miiph liquid will Irn rtsquired tu an temper the concrete ■ 
that it will tamp into the box and barely show water ou 
the surface of each tamped layer. The millwright will 
have opportunity to note the smaller or larger volume 
of the concrete when it has been gaged and tamped, and 
the quantity of water necessary, as determined above, 
should be carefully maintained through all the woi-k. 

Grading Sand. — Sand caught between sieves Nos. 20 
and 30 is at present the recognized standard for making 
up cement mortars for' test and for comparison, but it 
is an open question as to what grade of sand makes the 
strongest mortar. A sand much finer than No. 20, inti- 
mately mixed with the cement in proportion to till the 
voids in the No. 20 sand, will yield a much stronger mor- 
tar than the No. 20 sand alone. It is the same old story 
of filling the voids, for No. 20 sand contains as much 
void space as does the broken atone, and it is only a 
question of the proper mixing of the various grades of 
sand in order to obtain the strongest mortar. 

Sand for mortar may contain every size which will 
pass through a No, 4 sieve, but it may be graded in the 
same manner as the rock ajid gravel was handled and 
give better results. In fact, the same apparatus may be 
used, the addition of the grading sieves being all the 
extra utensils neoeasarj-, though it will doubtless be 
found better to use a smaller unit than a cubic foot on 
account of the labor of screening such large quantities 
of sand. A box, the inside dimensions of which form a 
three-inch cube and contain 1/64 of a cubic foot will 
answer for grading sands for mortar purposas. 

Lime in Cement Mortar. — As cement mortar does not 
work easily imder the trowel unless an excess of cement 
be present above the two or three parts of sand to one 
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of cement as usually mixed, it is customary to mix a 
quantity of lime with the cement mortar. It has been 
found that 10 per cent of the cement can be replaced 
by hydrated lime with good results, and where the ce- 
ment is to be used under water, a much larger portion 
of lime, even to 25 per cent, can be used to displace an , 
equal amount of cement without decreasing the strength 
of the mortar. For dry work, however, no more than 
10 per cent of lime should be used and that lime should 
be the hydrate. Quicklime paste will not show as good 
results as the hydrate. Natural cement will stand even 
more lime than will Portland. 

Hydrated Lime and Lime Mortar, — A recent addition 
to the masons* stock in trade is hydrated lime. It is no 
longer tiecessary to purchase lime in lumps and to go 
through the tedious process of * * slacking ' * the lime, then 
letting it lie from one to three weeks to become properly 
"aged." Instead of this, the millwright can obtain lime 
in bags, the same as cement comes, and all ready to be 
mixed with sand and water and at once laid in the wall. 
This kind of lime may be mixed up in advance if de- 
sired, but it does no good (neither does it do any harm), 
for hydrated lime requires no aging as is the case when 
lump lime is slacked; the reason for which is that lime 
cannot slake instantly, and that some portions of a cask 
require much more time than other portions, that once 
the lime is wet, the hydration will continue until it is 
complete, provided sufficient water is present, hence the 
necessity for placing the wetted quicklime one side for 
several days — or weeks — according to the kind of lime, 
until hydration is fully completed. The process of hy- 
dration has been fully carried out in hydrated lime, 
hence it is readv for immediate use as soon as mixed 
with sand and water. 
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Slaking Linu. — ^Whenever it is necessary to slake lime 
in the old-fashioned wav, the millwright should see that 
sufficient water is present during the operation. Lime 
will increase in weight from 25 to 30 per cent during the 
hydrating process, but from 40 to 50 per cent of water 
is neeessarj' to i>erform the work of hydration. Although 
only about one-half the quantity of water supplied to 
the lime is absorbed, the remainder is dissipated in the 
form of steam, and the presence of this excess of water 
is very neeessar>' to keep down the heat developed during 
the slaking or hydrating operation, which is carried oflf 
by. and is used in generating the steam which escapes 
during the operation. 

A high degree of heat is developed during the union 
of water and quicklime, and unless the heat thus de- 
veloped is conveyed away from the lime re-crystalization 
takes place and the value of the lime is seriously im- 
paired. The common name for the process is ** burning," 
and a siiffiiicnt quantity of water should always be pres- 
ent to carrv off in the form of steam the excess of heat 
irenerated during the slaking operation. Therefore it is 
necessary to provide plenty of water when lime is to be 
slaked, and later to place the slaked lime one side, or 
bury it in the ground, for many days before using. It 
will do no harm for slaked lime to remain for weeks, 
or even for months, well covered in the ground, where 
no carbonic oxide can get at it. Lime can only harden 
by reabsorbing carbonic oxide from the air or from its 
surroundings ; therefore, keep the lime from the air and 
it will keep indefinitely. 

ERECTION OF BUILDINGS. 

When mill buildings are to bo erected by contract, the 
millwright is frequently called upon to act as inspector. 
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and he should be careful to see that the material iisod, 
and also the workmanship are up to grade. When the 
labor is being done by the owner, the millwright in 
charge should be able to specify what shall be done, and 
what should not be done in order to expedite the work. 
In the former case he is required only to see that the 
drawings and specifications are lived up to, but in the 
latter case he acts in the capacity of constructing engi- 
neer, and as such is responsible to a great extent for 
the character, and cost of the construction of the build- 
ing. The providing of building material and placing it 
at the hand of the workmen at the time it is needed con- 
stitutes one of the most important details in the con- 
struction of a building. Just how best to do this de- 
pends in a large measure upon the nature of the 
surroundings and the character of the man in charge. 
The making and placing of forms for the laying of con- 
crete has already been discussed to some extent. In the 
modem advanced state of concrete construction designs 
for the forms are in most cases prepared by competent 
engineers and draftsmen, and the forms are then made 
from these designs, in a woodworking shop, and as a 
rule they may be considered reliable. In making these 
designs the weight of the concrete, including the rein- 
forcement, is taken at 154 lbs. per cubic foot. There is 
also assumed a live load, including the weight of the 
workmen, their material and tools, the weight of unused 
material, etc., which may be taken at 75 pounds a square 
foot when making forms for floors, and 50 pounds when 
working beams and girder forms. 

Strength of Wooden Forms. — The allowable compras- 
sion in struts to support forms is between 600 and 1,200 
pounds to the square inch, ajjcording to the size and 
length of the stmt; and when timber beams are wa^A. 
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,'for snpporting forms, including the material in the foriii 
itai'lf, the extreme fiber stress may be taken at 7D0 
potmds. In most eomputatjons for forms, the deliection 
of the material is to be considered rather than its 
strength, and the defleetion should be figured not to ex> 
Deed 1'^ inch for beams and joist work. 

When the compression strain approaebes 700 pounds 
to the sqiiare ineh in soft woods across the grain, either 
brackets must be inserted to carrj- the load or hardwood 
cleats must be used. The modulus of elasticity of soft 
woods usually employed in form construction may be 
taken at 1,300,000 pounds to the square inch. 

rime to Remove Forms. — As a guide to the millwright 
for the time forms shoiUd be left in place after concrete 
worit is poured, may be cited the following niles in use 
by The Aberthaw Construction Company: 

Walls in mass woik; one to three days, nr until the 
concrete will bear pressure of the thumb without inden- 
tion. 

Thin walls: in summer, two days; in cold weather, 
five days. 

Slabs (floors) up to 6 feet span : in summer, six days ; 
in cold weather, two weeks. 

Beams and girders and long spans: in summer, ten 
days or two weeks; in cold weather, tliree weeks to one 
month. If shores are left without disturbing them, the 
time of removal of the sheeting in summer may be re- 
duced to one week. 

Column forms : in siunmer, two days ; in cold weather, 
four days, provided girders are shored to prevent ap- 
preciable weight from rcachint; ciilnmns. 

Conduits; two to five day^. provided thiTe is not a 
ieav.v fill upon them. 
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Arches : of small size, one week ; for large archen with 
heavy load, one month. 

Those intervals of time are only approximate. The 
proper length of time for the removal of forms depends, 
in the main, upon the temperature, and amount of moist- 
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ure in the atmosphere. The su^estion has been made 
that two or three times a day a sample of concrete be 
taken from the mixer and allowed to "set" on the 
ground under the same conditions as the construction 
until the time is up for the removal of the forms. These 
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For depth of footing, 

LPS 

D = V = 17, in which D = depth of footing 

W3+6 W = width of footing 

P = projection of footing 
L = load 

17 (W+6) 

For the stress, S = = 47 tons. This 

8 

equals 94,000 lbs., and as a Ransome twisted bar or rod 
% inch on a side is tabulated as being good for 85,240 
pounds to the square inch to its ultimate strength, one- 
fourth this, or 21,310 pounds, is its safe working stress. 
The cross-sectional area of a %-inch rod is 9/16 inch, 
and the rod will be good for 9/16 of 21,210 = 12,000 
pounds. Then, 94,000 -T- 12,000 = 7.84 rods required. As 
it is not possible to use a fraction of a rod, eight rods 
must be used, and, in order to make the disposal of the 
rods symmetrical, also to place one rod in the center of 
the pier as shown by Fig. 30, it will be necessary to use 
an odd number of rods and to increase the number to 9. 
Should it be desired to use ^-inch rods instead of 
%-inch, the number required is found to be 17.45, and 
for the reasons noted above, this number is increased to 
18 and to 19. A table of Ransome bars is given as fol- 
lows: 
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TABLE «.— RANSOME BARS. 

Weight to Elastic Ultimate 



F( 



zt of Bar the Foot Limit Strength 



VA inch square 5.312 55,450 a3,150 

1 inch square 3.400 55,760 84,730 

H inch square 2.603 56,150 84,730 

H inch square 1 913 56.720 8.}.240 

H inch square 1.328 57,890 8.i,820 

K inch square 850 60,120 8i',,350 

H ^nch square 478 61,800 86,000 

5 inch ^usre 213 62,350 SlS.lWi 

TZe shape of the Ransome bar is shown \)y "Fi?. ^\v 
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Jt will be noted that the smaller the bars the greater 
tlieir elastin limit and their iiltimate strength — a con- 
vincing ai^iiiient in favor of using as small a bar as 
possible in every instance, provided it is possible, with 
the small bars, to obtain the desired strength of metal 
without taking up too much room. There is another very 
strong argument in favor of the small bar. and that is: 
with the small bar, more surface is exposed to the ce- 
ment, therefore more holding power to transmit the 
strains from concrete to steel, or contrariwise. 

The above matter is easily determined. In a bar 1 
inch square, there are 4 square inches of holding surface 
' to each lineal inch of bar. In the i,^-inch bar, there are 
just 2 inches nf holdinn; surface to the lineal inch, and 




as the strength of the 1-inch bar is four times the 
strength of the i,i.-inch bar and its surface is only twice 
as great, it will readily be seen that the Vj-inch bar has 
twice the holding power according to the strain which 
can be carried as the 1-inch bar. 

Offsets for Solid Masonry Footings. — The proper oflF- 
set for solid concrete footings (without reinforcing) may 
be found by the following table by Kidder, which also 
gives the necessary data for calculating footings of other 
material, the dimensions being given as multiples of the 
thiciness of the course to be offset. 

Inspection During Erectimi. — When buildings or other 
concrete or reinforced concrete work is being erected, if 
the millwright is inspecting the worlt or is having it done 
under his direction, he must make sure from actual 
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knoAvledge of the matter that the proportions of cement 
and sand and of gravel are as called for by the specifi- 
cations. He must know that the concrete is poured or 
rammed so that water stands on the surface. He must 
know that the required reinforcing is actually put in 
place as required by the drawings. 



TABLE 3.— SAP^E LOAD FOR MASONRY FOOTING COURSES— 

KIDDER. 

R* In Offset for a pressure to the square foot on 
pounds the bottom of the course, multiply thick- 
Kind of Footing. to the »^e"« o^ course by the proper lactor. 

i-quare 0.5 1 2 3 5 10 

inch. Ion Ton Tons Tons Tons Tons 

Bluestonc flagging 2700 3.6 2.6 1.8 1.5 1.2 0.« 

Granite 1800 2.9 2.1 1.5 12 1.0 0.7 

Limestone 1500 2.7 1.0 1.3 1.1 0.9 O.fi 

Sandstone 1200 2.6 1.8 1.3 1.0 0.8 5 

Slate 5400 5.0 3.6 2.5 2.2 1.5 1.2 

Best hard brick 1200 2.6 1.8 1.3 1.0 0.8 0.5 

fl. Portland 

J cement 
Concrete I 2. Sand 150 0.8 0.6 0.4 

[ 3. Pebbles 

f 1. Rosendale 

J cement 
Concrete | 2. Sand 80 0.6 0.4 0.3 

L 3. Pebbles 
•^Todulus of rupture, values given by Prof. Baker in "Treatise on 
Masonry Construction." 

It must be known that the concrete is packed fully and 
compactly around each piece of steel in the reinforce- 
ment, and that there are no voids caused by leakage of 
cement from the forms. 

Framing of Buildings, — Great changes have taken 
place within the past 20 years, in methods and materials 
used in the framing and construction of mill buildings,: 
and even in wooden buildings of which comparatively 
few are being erected, the old style mortise, tenon, and 
pin are now very seldom used, having been replaced by 
more modem and expeditious methods. 

In mills built according to '* slow-burning'' construc- 
tion rules, the lighter timbers, such as floor joist and 
bridging, have disappeared, and their places t^ke\i \s^ 
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10 X 14-mch solid timbers, and 3 to 3-incli plank. The 
roof contains no sheathing, bat is eonstmcted in the 
same manner as a floor, and is qnite as heavy. 

The increasing scarcity and cost of timber is, in a 




measure, responsible for these conditions, but the great 
advantage of steel as compared with wood in the frame- 
work o£ a building is the principal cause. Fig. 32 will 
serve to illustrate the old-time wooden frame construc- 
tion and the lai^e amount of hand work required in 
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the preparation of the timbers can better be imagmed 
than described. 

Referring to Fig. 32, a heavy sill is shown at A, a post 
at B, and a girt at C. The dimensions of these timbers 
varies from 10 x 10 inches up to 20 x 24 inches, depend- 
ing upon the size of the building and the nature of the 
work to be carried on within it. 

The studs, E E, were framed in at both top and bot- 
tom, and the floor joists, F F and G G G, were also let 
into the timbers upon which they had a bearing. The 
cut on A, at c, shows how the floor joist F was framed. 
The gain on notch cut in the side of A allows the end 
of F to enter, while the shoulder d on F just reaches 
the foundation of the building. 

The upper floor joists were dealt with in a slightly 
different manner, owing to the fact that there was no 
foundation for them to rest upon. It will b^ noted that 
the upper portion of the end section of joist G projects 
entirely across the top surface of girt C, while the lower 
portion is carried by a gain cut in girt C, as shown at i. 
The joist is thus prevented from splitting between i 
and J. 

The post B is mortised into sill A, as shown at b. 
The tenons on the top end of B are long enough to 
reach nearly half way through girt C. Wooden pins 
are used to fasten all parts of the frame, with the ex- 
ception of the tenons which go into the sill. 

Another difiBculty that the old-time millwright had to 
contend with was the fact that the timbers supplied for 
framing were generally of unequal dimensions as, for 
instance, a 12 x 12-inch timber would vary between those 
dimensions and 12l^ x 11% inches, thus causing an extra 
amount of labor in laying it out and framing it. This 
was owing to the fact that in those times heavy timber 
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planors were practically unknown. Coaspqueiitly thd' 
timbers eould not be cut to exact sizes at the mill, and it^ 
fell to the lot of the millwright to size it by hand. 

Sizing is shown at e e. Fig. 32, aiid also at h and k,. 
a cut through the excess of material being shown at a, 
where the sill is cut down to the exact dimension in or- 
der that the studs may go into place without striking 
top and bottom before the girts are in place. 

Bracing was another strong point in the old-time 
method of framing. A set of braces is shown at 1, m,- 
n and o, each brace being mortised and pinned at each 
end. It used to be thought that a large aiimunt of brac- 
ing was necessary to make a frame stand up imtil the 
covering could be put upon it, hence the many dozens 
of braces to be found in a single frame building of the 
olden style. 

Even the upper studding H H was mortised in, and 
these studs had to be sized for, as shown at p, on girt 
C, and even the beams and girders had to be sized into 
the posts sometimes, A bit of sizing is shown at k, the 
beam D being cut into post B, as shown. But thLs time 
the work is not for the purpose of removing an excess 
of wood. The cutting at k is for the purpase of giving 
a larger bearing to 15 than would be afforded by the 
edge of the tenon. Therefore a half inch or so was cut 
out of the post and the beam allowed that much more 
bearing surface. With a. 12-ineh post and a 3-ineh 
tenon, there would be 41/. square inehes of bearing sur- 
face, besides the 16 to 18 inches of area on the edge of 
the tenon. 

Balloon Framing. — In the pure balloon frame, Pig. 33, 
the sill is composed of two pieces, usually a 2 x 8-inch 
and a 2 x 6-inch, spiked together as shown by A and B. 
The 2 X 4-ineh or 2 x 6-inch studs are cut to length, aft 
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shonii by C C C, snd plain at each end. The studs are 
nailed and spiked in position, bi'ing toe-nailed tu A, and 
spiked through B. The floor joists are cut so as to have 
a full bearing at a and b, thus removing all danger of 




split floor joists. In ca-^e the building is to be set on 
posts, the sill plank, A, consists of two planks spiked 
together, and plank B is made as wide as the floor joists 
which will then have a full bearing on sill A. The sec- 
ond-story floor joists, E E, are placed as shown, being 



notched and resting upon a ledger e that is let in to the 
line of studding about % inch, and there nailed fast. 
The joists are notched onto the ledger about % or %- 
inch, and they are also spiked fast to the studding. 

These joists are bridged, as shown at e, and the lower 
floor joists are also bridged lualess a timber is laid un- 
der the center of the span. The strapping, d d, is next 




placed in position, and the frame is then ready to re- 
ceive the floor. A 2-ineh plate is spiked on top of the 
studding, the rafters, G, are notched and spiked upon 
the plate, and the beams above the second story are 
placed on the plates and there spiked securely, both to 
the platas and to the rafters, a joist being placed close 
beside each rafter for this purpose. Strapping, f f. and 
also bridging, are applied to the upper joists. 

Short pieces of board, i, are nailed to each rafter 
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and stud for the purpose of carrying the cornice, the 
wide facier of which is shown at k. 

In constructing a frame of this character po atten- 
tion is paid to the location of either doors or windows; 
but after the studding is all in place, holes are cut 
where needed for the various openings. Referring to 
Fig. 33, it will be seen that a single stud is cut out for 
the window opening, although in some cases it is neces- 
sary to cut out two or even more studding. 

In Fig. 33 the header, n, and the. lintel, 1, are cut ifa, 
and the short studs, m m, are placed in position to hold 
up the lintel. Short studs, o o, are then cut in between 
header and lintel, thus keeping these apart the required 
distance for the reception of the window frame. The 
short studs, o o, are doubled in order to receive the 
weatherboarding and the window frame. 

When heavy shafting is to be carried by a balloon 
frame, a ledger 4x8 inches or larger is used. This is 
let into the studding one inch, as at a a, and secured by 
bolts, b b. Fig. 34. Timbers, B B, for carrying the shaft 
are then placed with the outer ends resting upon the 
ledger, and the inner ends carried on posts, C C, to 
which they are held by bolts. A bearing is provided for 
the inner ends of timbers B B to rest upon by pieces of 
2 X 8-inch plank, d d, cut to length and spiked to posts 
C C. The shaft e may then be placed at any point on 
the timbers. 

Slow-Burning Mill Construction. — This form of con- 
struction is shown in Fig. 35. Rows of posts, AAA, 
are located, as necessary, in accordance with the load 
to be carried. Beams, B B B, are placed on top of the 
posts, or rather on top of bolsters, D D D, which rest on 
top of the posts. Beams B B B are bolted fast to the i 
bolsters, as shown at a a a, thus making the beams prac- 
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tii^ally contmuous. If llie luail to be carried is very 
lieHvy, bearing plates, c c c, are placed as sIiohti, s 
nnt only to protect beams B and F from end-wear of 
posts C, but also as bearings for the planks d when the 
latter are cut in between the posts C. These posts are 
plaeed a& shown, and in this manner to the roof. 




Pig. 35 shows but two stories, bnt with this eonstrue- 
tion any number of stories up to four may be safely 
erected. A bloelc, E, is beveled to fit the rafters, and 
fastened to them by bolts, b b, thus uniting rafters Q 
and IT. When necessary a truss roof may be used, leav- 
ing a clear upper story. 
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The flooring and roofing consists of thick planking, 
3 to 5-inch, depending upon the distance between beams 
B and the load to be carried. In some cases the floors 
are made by setting 2 x 4-inch pieces on edge and spik- 
ing them together at intervals of 18 inches. 

With this type of construction, machines, unless they 
are very heavy, may be located anywhere on the floor 
without the necessity of reinforcing the floor. The dis- 
tance between beams B is usually 6 feet, and shafting 
may be suspended from any post, or beam, or it may be 
placed upon the floor, if necessary. Fig. 35 shows sec- 
tions of shafting in various locations. For instance, at 
1 a shaft is shown attached to posts A, at 2 another 
shaft is attached to beams B on the under side, while 
at 3 the shaft is placed on top of the beams. At 4 the 
shaft hangs to the upper row of posts, at 5 it is placed on 
the floor, while at 6 the shaft is suspended from the 
rafters. 

Inspection of Lumber, — The inspection of lumber for 
market purposes calls for a rigid adherence to certain 
rules. For instance: on a stick of certain size, there 
shall not be more than a certain amount of wayne on 
a certain number of comers. There also shall be no 
more than certain numbers and lengths of wind-shakes, 
season-checks, and similar defects. The limit exceeded 
the inspector has no choice whatever, except to condemn 
the piece of timber thus defective and reduce it to a 
grade in which it will, according to the rules, pass 
muster. 

But in framing at the mill, the fair-minded inspector 
can in many ways favor the material, so that what would 
have to be condemned in the pile will pass in the frame. 
For instance in the rule against wayne : a 2 x 8-inch 
rafter would have to be condemned if it showed more 
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than a certain width of bark on one or mo're corners, 
whereas in the biiikling nearly the entire length of the 
rafter, from the ridge down to witlun 2 feet of the 
plate, eouid he all bark edge without doitig the least 
damage to the strength of the rafter, for those loembera 
of the building economy do not need to be as wide (deep) 
at the top as at the bottom. In fact, rafters are fre- 
quently sawed 2 inches narrower at the top than at the 
bottom. The inspector, bearing that fact in mind, can 
pass lumber into good rafters which he would have to 
condemn in the pile. 

In another instance: the rule against large knots 
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would condemn many pieces for rafters which could be 
used for gable rafters or where they would be other- 
wise supported. The same is true of floor joists and all 
floor timber. It does no barm whatever for a floor tim- 
ber to be narrower at the ends, provided the middle of 
the timber is full depth. A lot of wayne at either or 
both ends could be passed into the frame without in the 
least affecting the strength of the structure. 

Laying out Framing. — The old method of laying 'out 
framing with the steel square is clearly illustrated in 
Fig. 36. The mortise having been located endwise at b, 
the square is placed as shown, the b is drawn with pen- 
cil clear across the timber. Then the square is moved 
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along until the length of the mortise is shown on the 
blade of the square, 10 inches, when the pencil is again 
drawn across the timber for the other end of the mortise 
shown at a, but this time the pencil must be drawn 
along the inside edge of the tongue of the square, un- 
less it is desired to draw the pencil along the outside 
edge of the tongue, in which case the square instead of 
being moved 10 inches along the timber, should be moved 
but Sy2 inches, which is the length of the mortise. 




FIG. 37. 

To mark the sides of the mortise, a mark c is made 
the required distance from the face of the timber e; 
then the square is placed as shown; if a 2-inch mortise 
is to be made, with the comer of the blade on the mark 
e. Then sight the blade true with face of timber e, and 
mark both sides of the blade, thus marking the sides of 
the mortise. When greater accuracy is required, re- 
verse the square, placing the inside edge of the blade on 
mark c well toward the end of the blade farthest from 
the tongue. Then bring the mark 2 on the tongue even 
with face of timber e, and both sides of the mortise may 
be marked as before. 
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The Laying-Out Oage. — The modern method of marfe^ 

ing for mortises, tenons, aud more especially for daps 
and gains, is by the use of the layiug-out gage shown by 
Fig. 37. This tool is usually made by the millwright, 
though it may be found on sale in some of the larger 
hardware stores. A couple of pieces of %, 1 or l^A-ineh 
stuff may he used, according as the tool is designed for 
light or heavy worli. The pieces are nailed or screwed 
together as shown by Fig. 37, and laid off and cut to 
measure according to that picture. The upper pieces 
are made to the several lengths likely to be used by the 
mortises or daps in the sizes of timber under operation. 
The lower side of the gage is marked to the widths 



shown by the several figures, the first being the distance 
from the face of a timber to a mortise with a 2-inch 
shoulder, the second step making a 4-inch mark, etc., as 
many jogs being made as the millwright judges he will 
have use for. The angle at which the pieces are nailed 
together should be slightly greater than a right angle, 
tor should some of the timber he sawed as far froi 
miliare «h usual, a strictly square gage would not go on 
the ronici- nf the timber. 

A Mii>thoil of using the laying-out gage is shown by 
V\lt Mi. Su|t(Kraing that a 2 x 10-inch dap is required, 
*H (hM U nwtvwiry is to slido the lO-incb portion of the 
IFHId^ Ht> K* indrkid point a, then draw the pencil along 
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both sides of the lO-ineh portion of the gage, marking 
both lines a and b without shifting the tool. It happens 
that the gage is also in position so that line c can be 
marked along the edge of the 2-inch portion, but if the 
dap is to be some other depth than 2 inches, then it is 
only necessary to slide the gage along until the required 
width of marking strip comes over the end lines of the 
dap — or *'box" as some millwrights prefer to call it. 
The gage must then be reversed and the lines struck 
down to line c, from lines a and b, respectively. 

The Working Comer, — ^When a millwright starts to 
lay out a stick of timber, the first thing which should 




FIG. 39. 

be done is to select the working comer of the stick and 
to mark that comer in a manner easily distinguished 
from other comers of the timber. Usually a single line 
is made on each of the two best sides of the timber, the 
marks meeting on the comer which is to be taken as the 
work comer. This method of marking is shown at e. 
Fig. 36, and in framing that timber the square or gage 
should never be applied to other than the marked sides 
e and c. That is, the tools should never be applied to 
other than the two sides in question for the purpose of 
squaring a line around that timber. 

Squaring Around a Timber. — The method of squar- 
ing around a timber is showTi by Pig. 39, both the right 
and the wrong methods being shown. TYve \i^^\ 1^^^ \^ 
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first scleptefl and iiiiirkeil a, Iliiiii the next inos>t desirabB 
side is selected and marked as at h. Squaring aroimct 
the timber is conmieneed by placing the square at d 
and making a fine mark across the face b of tlie timber ; 
then the square is placed as shown at c and another line 
struck down the back side of the timber. 

So far the operation is correct. If now the square 
is placed at e as shown on the left hand end of the stick, 
the first error will occur as will be shown later on. 

The pencil is used on the bottom of the stick of tim- 
ber, and the square when placed at f, is brought to the 
line on the bottom of the timber. But lines d and f do 
not come together, as will be seen at g on the comer, 
due to the fact that line f is a continuation of the line 
drawn on the bottom of the timber with the square 
at e. 

If the timber had been perfectly true, and not wedge- 
shape, thuse lines would have come together, regardless 
of how the squares were placed, but such was not the 
case ; therefore it was impossible to bring the lines to- 
gether correctly when the squares were used as at c, d, 
e and f. But there is a method of squaring around the 
piece of timber which will bring the lines together and 
avoid all of this trouble, provided of course that the 
workman has a true working comer to start from. This 
method is shown to the right of Fig. 39. and is as fol- 
lows: always keep the square in touch with the sides a 
and b, marking first lines h and i as at d and c. After 
marking lines h and i, roll the timber backwards, and 
place the square at k, bringing it in line with the mark 
made when the square was at i. The line having been 
drawn along the square at .i, reverse the sr|uare again, 
and place it with the blade on face b again as shown at 
h. With the square in this position, the line to be struck 
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across side a of the timber will come fair with the first 
line made at h. If the lines do not come fair with each 
other, the trouble is in not holding the square properly 
or in not meeting the lines on all sides of the timber. 
The trouble is not from the cause which gave trouble 
at g. 

Boxing, or Cutting Daps. — Two methods of doing this 
work are shown in Pig. 40. First a saw cut is made 
just inside the line at either end, as shown at a.- Then 
either several saw-cuts are run down to line a, and the 
wood between the cuts removed with the mallet and 
chisel, or the adze; or the latter tool may be employed 
as soon as the two end saw-cuts have been made. At b 




FIG. 40. 

the wood inside the marks has been scored deeply with 
adze, or ax, and is ready to be roughly removed, either 
with mallet and chisel, or adze until a plane can be used 
on the bottom of the cut. 

Construction of Roofs and Trusses, — The ordinary 
pitch roof with its rafters, collar beams, plates and tie 
beams is in fact a simple trussed roof, and the methods 
employed in determining the required strength of rafters 
for such a roof are similar to those usecj in calculations 
of more complicated roof trusses. Fig. 41 shows a simple 
rafter roof, 1 being the distance between supports of 
the truss, and a the distance between rafters or trusses. 
The distance 1 is assumed to be 20 feet, that of a 2 feet. 

Tb§ rpof shown is *'half pitch,'' the height of thft 
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ridge being one-half the width of the building. Thisfl 
will bring the length of the rafters from plate to ridgeJ 
14.1 ft., and with the projection of the eaves the totala 
slant will bo about 16 feet. Reference to table 4 showg-j 
that the weight of the rafters will average about 2 lbs. \ 
per sq. ft., that of sheathing 4 lbs., tin 1 lb., and about 
1 lb. per sq. ft. for collar beams b, making a total roof 
weight of 8 lbs. per square foot. To this should be ■; 
added 12 lbs. for snow, and 8 lbs. for wind pressure ^ 
which it may at certain seasons of the year be sub- 




jected to. This brings the total weight up to 28 lbs. per 
sq. ft. 

Each rafter is called upon to support an area of 
14 X 2 ^ 28 square feet, therefore, the total weight to be 
sustained by each rafter = 28 x 28 = 784 lbs. Taking 
the rafter as a beam 7 feet long from c to g, and fixed 
at both ends, it will be carrying 784 -^ 2 = 392 lbs, and 
inclined at an angle of 45 degrees. The section from 
g to e must carry the same load also, viz : 392 lbs. When 
a heavier roof is called for, the rafters should be re- 
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placed by cmde trusses as illustrated in Fig. 42. These 
trusses may be placed farther apart than the rafters, 
and two-inch planking he used instead of the ordinary 
sheathing. 

The calculations for the weight of anch a roof will 
be slightly different from the formw problem. First 
the weight of the tmas per sqoare foot of roof must be 
ascertained, instead of the aggr^ate weight of the 
rafters. 




The mle is as follows: for roof tmss-steel, multiply 
distance between supports by distance between trusses, 
and multiply product by the length of truss divided 
by 25, and add 1 to the quotient. For a wood truss the 
weight is 7 per cent less. Reduced to formula, W 

1 
= al{ — )+l in which 
25 

w = weight of truss. 

a ^ distance between trusses. 

1 = distance between snpporta. 



HANPBIKiK FOB MIU.' 

In the roof under disciisision a^3 fei-i aiifi 1 = 20 
feet. 

20 
W = 3 s 20 s ( — ) + 1 = 108 lbs. for steel : and for 
25 

wood 109 — 7 per cent = 100.44 lbs. This will give the 
weight of a steel truss aa 1.8 lbs. per square foot of roof, 
and that nf a wood truss as 1.67 lbs. per square foot. The 
weight of the planking would be 8 lbs. per sq, ft., that 
of the truss may be taiten at 2 lbs, and the tin used for 
roo6ng at. 1 pound, making a total of 11 lbs. per sq. foot. 
Then 11 X 14 X 3 X 2 — 924 lbs. to be carried by each 
truss. To this should be added 20 X 14 X 3 = 840 lbs. 
for wind and snow. This amount added to the weight 
of roof makes a total of 840 + 462 X 2 — 2604 lbs. to be 
carried by each truss, or 1300 pounds at each end, A 
and e. To ascertain the strains in each member of this 
truss, the millwright may make the diagram Fig. 43 and 
there lay out the several strains as they are determined. 
TABLE 4. 
Weight of Roof Material. 

Corrugated iron 2 to 3 lb.s. sq. ft. 

Slate 7 to 9 

Shingles on strapping , 2 to 3 " 

If on boards, add 3 " 

If plastered below rafters, add. ... 6 " 

Tin {not counting boards) 1 " 

Matched sheathing 3 to 5 " 

Tiles 12 to 25 

Riifters 1.5 tn 3 

I'lirlins, steel 2 to 4 " 

I'lirlins, wood 2 tn 4 " 

Hteel shingles 1 to 3 ■' 
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Were Ihe'-^tresses at each joint to be computed for 
the total roof load distributed among the joints 1, 2, 3, 
4 and 5, in such a manner that 1 and 5 receive one- 
half as much as each of 2, 3, and 4, the loads on which 
are equal, then 1 and 2 would each receive % of 2600 
= 325 pounds, while 2, 3 and 4, would each carry 14 
of 2600 = 650 pounds. But as the wind pressure is 
never carried by both sides of the roof at the same time, 
there must be some other method of distributing the 




FIG. 43. 

WIND AND SNOW STRESSES AT JOINTS OF TRUSS. 



loads, and this should be done by calculating separately, 
the loads caused by the weight of material in truss and 
roof, the snow load, and the wind load, and the three 
sets of figures at each joint of the truss refer respect- 
ively to loads for weight of material, snow and wind, 
as follows: 

Weight of material in roof 924 pounds 

Weight of snow load 1004 pounds 

Weight of wind pressure 672 pounds 

Dividing each of these quantities by 8 for the loads 9,% 
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1 and 5, and by 4 for the loads at 2, 3 and 4, the nu 
terial and the snow loads are found to be as follows : 
924 H- 8 ^ 115.5 924 

1004 -^ 8 = 125.5 1004 -^ 4 ^ 251 

Owing to the fact that the wind load of 672 lbs. is 
carried by the truss on but one side of the roof, one- 
half of it comes upon joint 2 of the truss, while the bal- 
ance ol the load is evenly divided between joints 1 and 
3, with the exception of 84 lbs. at 3, which is carried 
by 5. The distribution of the load among the five .joints 
is therefore as follows: 1 — 409 lbs., 2 — 818 lbs., 3 
— 650 lbs., 4 = 482 lbs. 5 — 241 lbs. To property with- 
stand the strains of wind pressure, the several stresses 




PIG. 44, 

are modified aa shown in Fig. 43, and the members of 
the truss are arranged to meet the strain thus distributed. 
Thus members 1-6, 6-5, and 6-3, are in tension, and may 
assume the form of rods if deaired. The remaining 
members are subject to compression. 

In an analysis of the strains in a truss, it is neces- 
sary for the millwright to understand at least the fun- 
damental laws governing the parallelogram of forces, 
the theorem of which is as follows: if two forces acting 
on a point be represented in direction and intensity by 
adjacent sides of a parallelogram, their resultant will be 
represented by that diagonal of the parallelogram which 
passes through the point. Thus 0. R, Fig.. 44, is the re- 
sultant of O, Q, and 0. P. Referring to Fig. 45, suppose 
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the scale at the top represents a weight of 16 lbs. to 
each inch. If line e, g, be drawn according to the scale, 
it will represent a force of 25 pounds acting vertically 
downward. The lines e f and e h are drawn at the 
same angle as in Fig 43. Then from the top of the 25- 
pound line, at g, draw the line g j, making it exactly 
parallel with line e f . 

From point j, where the line g j cuts line e h, meas- 
ure to e, and that distance will be found to be exactly 
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FIG. 45. 

PABAIXELOGBAM OF FOBOES. 

17.67 by the scale shown at the top of the engraving. 

It will be noted that the truss, Fig. 43, is almost an 
exact representation of the parallelogram of forces in 
an inverted position. 

A part of the forces, and their directions have already 
been considered in the explantion of Fig. 43 and the 
remaining forces acting upon the truss reprasented by 
Fig. 45, will now be taken up. The usual custom is to 
proceed from joint to joint always moving in the same 
direction, either from left to right (clockwise), or from 
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right to left (counter-clockwise). In this ease the di-1 
rection will be clockwise. Starting at 1, Fig. 43, an 1 
angle is found, one line of whieli is horizontal, while ' 
the other approaches point 1 at an angle of 45 degrees. 
Referring to Fig. 46, which is a reproduction of the 
same angle, the first problem is to determine the forces 
acting through the two unknown elements a* and b^, 
whose directions are known, hut not their force, 




FORCES ACTING AT POINT (1.) 

order to ascertain the magnitude of these forces draw 
vertical line c'. Fig. 47, to a length of 16.36 sixteenths 
of an inch; then draw line e, d, at right angles to c, 1. 
Next extend line a', Fig. 46, until it forms a junc- 
tion with line 0, d, which latter will now also be 16.36 
sixteentlw in length, while line d. 1, when measured 
the seale, will he found to have a length of 23.50 s 
teenths, or 2350 lbs, the compression strain at point 
while 16.36 sixteenths or 1636 lbs. is the tensile 
the same point. The arrows show the directions in which 
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the strains act. Another method, which is shorter, than 
the one just described is to draw a stress diagram of the 
whole truss, from which the strain to which each mem- 
ber is subject, may be seen at a glance. 




FIG. 47. 

MEASUREMENT OF FOBCES ACTING AT POIl^ (1.) 
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FIG. 48. 

TRUSS ANALYSIS. 

Such a diagram of Fig. 43 is illustrated in Fig. 48. 
The letters heretofore used to designate the lines, now 
occupy the spaces enclosed by the triangles; thus line 
1, 2 will be known as a, d, and so on through the en- 
tire number of lines throughout one-half the diagram. 
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The lines, and stresses being the same on both ends of 
the diagram, it is necessary to calculate the stresses for 
but one end of the truss. The method of drawing a 
stress diagram for the whole truss is shown by Pig. 49. 
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FIG. 49. 

STRESS DIAQBAM. 

Starting at 1, Fig 48, lay down the load there given, 
409 on the vertical line Pig. 49. Take any convenient 
scale, the larger the better, and lay off 409 to point B. 
Next lay off the load 818 to point E. Proceed in the 
same manner with all the loads as for instance 818 to 
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El, 818 to B\ and 409 to point 5. Thus the load at 
3, Fig. 48, is designated by E, Fig. 49, and Is dis- 
tributed between e and e^ also between b and e', Fig. 
48. In Fig. 49 the corresponding distance will be found 
at E, between B and E^ With line^ laid down to repre- 
sent all the loads, ending at 5, the next move is to lay 
off the reactions jn lines drawn to scale. 

Thus the lines representing 1636 will, or should just 
reach from 5 to A, and from A to point 1, when the 
polygon closes. Then from B which represents the load 
line of 1, Fig. 48, draw a line upon the same angle as 
line b, c, Fig. 48, and the point where this line inter- 
sects with the central horizontal line A, Fig. 49, is 
marked C. 

The length of line C, B, Fig. 49, represents the amount 
of strain present in the member b, c, of the truss. By 
measurement, this is found to be 1756 lbs. Proceed in 
a similar manner to draw line e, d, starting at E, and 
projecting it until it meets the line drawn from C, par- 
allel with c, d, and mark the point of intersection D. 

The length of line D, E, will then be the measure of 
the stress in member d, e, and line C, D, when meas- 
ured will give the amount of stress in c, d. These two 
quantities are found to be respectively 1178 and 578. 
In the same manner if a line be drawn from E parallel 
with line d^, e^. Fig. 48, the measure of that line, which 
is shown dotted from D^ to E^, will be the stress on 
member d^, e^, and will be 1178, the same as D, E. 

Now by connecting points D and D^ the line thus ob- 
tained will represent the stress on member d, d\ viz: 
818. Line C, A, measures 1227, which is the stress in 
member a^, c^. A strain record should be made similar 
to the following, which shows at a glance the stress on 
any particular member. 



Slresb 1T5G 578 1178 818 1178 578 1756 1227 iS 

If the material of the truss is to be of wood, suffi«^ 
eient bolts, and spike nails should be used to withstand ■ 
the strains as shown in the diagram, and this portion j 
of the work will depend largely upon the good judg-"* 
ment of the millwright. The drawings and rules given"! 
above are intende'd merely to illustrate one method of 
calculating roof strains, and trusses, and to assist the 
student in hia efforts to grasp at least a few of the 
underlying principles of this most interesting and im- 
portant study. The form of truss hitherto discussed is . 




simple, and may be used where space is a secondary con^ 
sideration, but when it becomes necessary to economize 
in the matter of room, the Pratt truss, Fig. 50, or thft, 
Howe truss, Fig. 51, may be used. 

Pratt or Whipple Truss. — Referring to Pig. 50, the 
diagonals in this truss are ties, and the verticals are 
struts or. columns. 

Calcnlalion by the Method of Distribution of Strains. 
— Consider first the load P. The tniss having 6 bags 
or panels 5-6 of the load is transmitted to the abutment 
II, and 1-6 to the abutment O, on the principle of tba 
lever. 



As the five-sixths must be transmitted through J^ 



tha ■ 

1 
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and AH, write on these members the figure 5. The one- 
sixth is transmitted successively through JC, CK, KD, 
DL, etc., pa»ssing alternately through a tie, and a strut. 
Write on these members up to the strut GO inclusive the 
figure 1. Then consider the load Pg, of which four- 
sixths goes to AH, and two-sixths to GO. Write on 
KB, BJ, JA, and AH, the figure 4, and on KD, DL, 
LE, etc., the figure 2. The load P3 transmits 3/6 in each 
direction ; write 3 on each of the members through which 
this stress passes, and so on for all the loads, when the 
figures on the several members will appear as on the cut. 
Adding them up, we have the following totals : 

Tension on diagonals 

AJ BH BK CJ CL DK DM EL EN FM FO GN 
15 10 1 6 3 3 3 6 1 10 15 



^ Compression on verticals i 



AH BJ CK DL EM FN GO 
15 10 7 6 7 10 15 



Each of the figures in the first litie is to be multiplied 
by 1/6 P X secant of angle HAJ, or 1/6 P X A J ^ AH, 
to obtain the tension, and each figure in the lower line 
is to be multiplied by 1/6 P to obtain the compression. 
The diagonals HB and FO receive no strain. 

It is common to build this truss with a diagonal strut 
at HB instead of the post HA and the diagonal AJ; in 
which case 5/6 of the load P is carried through JB and 
the strut BH, which latter then receives a strain = 
15/6 P X secant of HBJ. 

The strains in the upper and lower horizontal mem- 
bers or chords increase from the ends to the center, as 
shown in the case of the Burr truss. AB receives a 
thrust equal to the horizontal component of the tension 
in AJ, or 15/6 P X tan AJB. BC receives the same 
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thrust + the horizontal component of the tension in BK, 
and so on. The tension in the lower chord of each panel 
is the same as the thrust in the upper chord of the same 
panel. (For calculation of the chord strains by the 
method of moments, see below.) 

The maximum thrust or tension is at "the center of the 

WL 

chords and is equal to , in which W is the total load 

8D 

supported by the truss, L is the length, and D the 
depth. This is the formula for maximum stress in the 
chords of a truss of any form whatever. 

The above calculation is based on the assumption that 
all the loads P^, Pg, etc., are equal. If they are unequal 
the value of each has to be taken into account in dis- 
tributing the strains. Thus the tension in AJ, with un- 
equal loads, instead of being 15 X 1/6 P secant e would 
be sec. e X (5/6Pi + 4/6P2 + 3/6P., + 2/6P, + 1/6PJ. 
Each panel load, Pj, etc., includes its fraction of the 
weight of the truss. 

General Formula for Strains in Diagonals and Verti- 
cals, — Let n z= total number of panels, x = number of 
any vertical considered from the nearest end, counting 
the end as 1, r = rolling load for each panel, P = total 
load for each panel. 

[(n-x) + (n-x)2-(x-l)+- 

Strain on verticals ^= 

2n 

(x— 1)2]P r(x— l) + (x— 1)2. 



2n 

For a uniformly distributed load, leave out the last 
term, 
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[r(x— 1) + (x— 1)2] -^2n. 

Strain on principal diagonals = strain on verticals 
X secant ^ , that is secant of the angle the diagonal 
makes with the vertical. 

Strain on the counterbraces : The strain on the coun- 
terbrace in the first panel is 0, if the load is uniform. 

1 1+2 

On the 2d, 3d, 4th, etc., it is P secant X — , , 

n n 
1+2+3 

, etc., P being the total load in one panel. 

n 

Strain in the Chords — Method of Moments, — Let the 
truss be uniformly loaded, the total load acting on it 
= W. Weight supported at each end, or reaction of the 
abutment = W/2. Length of the truss = L. Weight 
on a unit of length = W/L. Horizontal distance from 
the nearest abutment to the point (say M in Fig. 50) 
in the chord where the strain is to be determined = x. 
Horizontal strain at that point (tension on the lower 
chord, compression in the upper) = H. Depth of the 
truss = D. By the method of moments we take the 
difference of the moments, about the point M, of the 
reaction of the abutment and of the load between M and 
the abutments, and equate that difference with the mo- 
ment of the resistance, or of the strain in the horizontal 
chord, considered with reference to a point in the op- 
posite chord, about which the truss would turn if the 
first chord were severed at M. 

The moment of the reaction of the abutment is Wx/2. 
The moment of the load from the abutment to M is j 
W/Lx X the distance of its centre of gravity from M, 
which is x/2, or moment = Wx^ -^ 2L. Moment of the .| 
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Wx Wx= 



stress in the chord ^ IID ^= - 



-). If x^O or L, H^O. U x ^ L/2, 



WL 

H = , which is the horizontal strain at the middle 

8D 

of the chords, as before given. 

The Howe Tniss. — (Fig. 51.) — In the Ho re trusa 
the diagiiiiiils are struls, and the vi'rtii'als am I^ch. The 




FIG. 51. 

calculation of strains may be made by the game method 
as that already described for the Pratt truss. 

The stresses and strains in these trasses, and in fact 
in all modifications of these, and other forms may also 
be calculated by means of the strain diagram, shown , 
-in Pig. 49, modified to suit the particular case. i 

Flat Roofs. — Roofs which are to be made of a com- 
position of tar and gravel, should never have a pitch 
exceeding .75 of an inch per foot, in fact less pitch than 
this will answer in most cases. If the post and beam 
method of framing is not used, then a triiss of some 
form bpcoraes a. necessity for j 

The composition tar and gravel 
ai/e for mil} construction for the i 



a flat rnnf. ^M 

ravel rnof is vcr^- desir* ^M 
the reason that there is ^M 
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width of space under a roof of this type, and the heavy 
roof timbering necessary is very often useful for hang- 
ing small countershafts, and for the attachment of ele- 
vators, conveyers, etc. 

The timbering for this floor should be sufficiently 
strong to prevent its springing under load, thereby 
cracking the tarred paper upon which the tightness of 
tlie roof depends. The sheathing should be tongued 
and grooved, and well laid with no open cracks or knot 




LATING A TAB AND GRAVEL BOOF. 

holes. The method usually employed in laying this 
kind of roof is illustrated in Fig. 52. It will be noticed 
that three thicknesses of the tarred felt is used, the first 
course of felt being 12 inches in width, as shown at a. 
Next a 24-inch strip is laid so as to cover the 12-inch 
strip, and project 12 inches beyond as at b. Next a full 
width (36-inch) is unrolled as shown at c, and other 
strips d, e, f, g, etc., are laid down as shown, each 
strip overlapping two-thirds of its width upon the pre- 
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ceding strip. In this manner three thicknesses of the 
felt are secnred. Before laying the tarred felt, a layer 
of resin-aized felt, lapped about 2 inches should be placed 
upon the sheathing, and secured with tacks sufRcient to 
hold it in plaee. The method of securing the tarred pa- 
per is as follows: A thin trail of hot tar is nm under 
eaeh lower edge of the paper by means of a eone-shaped. 
dipper which may be pushed along under the edge 
of the paper from one end of the roof to the other, after 
which the upper surface of the paper is swabbed with 
hot tar, and a strip of board %, x 2^/^ inches is nailed 
around the edge of the roof. After the strip is placed, 
it is given a coat of hot tar, which is also swabbed over 
the entire surface of the paper on the roof, and im- 
mediately followed by a layer of clean gravel spread 
on the tar. This serves a,s a protection, and prevents 
the tar from running when heated by the rays of the 
sun in hot weather. The tarred paper should be of 
good quality, for the reason that upon it depends the 
waterproofing. In some cases a second layer of paper 
is placed on top of the triple layer in order to make 
assurance doubly sure. This second layer is placed so 
as to allow 20 or 22 inches to the weather after which 
it is mopped with tar, and another coat flowed on just 
before the gravel is spread. For roofs having a pitch 
too steep for the ordinary tar and gravel roofing, a 
thick felt ranging from 1/16 to 3/16 inch can be ob- 
tained, which is already coated with fine gravel, and 
may be at once placed on the roof, and nailed there, the 
laps being made with a composition that comes inside 
the roll. This makes a good roofing, standing well in 
either hot or cold dry latitudes. Another kind of roof- 
ing is made with layers of felt alternated with layers 
of pulverized slate, and asphalt, applied with a trowel. 



1 
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This plastic slate roofing adheres strongly to wood, or 
to masonry surfaces also and by its use the metal flash- 
ing so necessary with other roofs, may be dispensed 
with. 

Tin Roofs, — For laying tin roofing, tongued and 
grooved sheathing is a necessary adjunct. The tin 
should not be lighter than 8 ounces per sq. ft. The 
weight may be easily ascertained by cutting a piece 
one foot square off of the sheet and weighing it. The 




FIG. 53. 

LAYING A TIN BOOF. 

sheets are marked Ix, which is 8-ounce tin, Ic is 10 
ounces, etc. 

Tin roofing should never be fastened to the sheath- 
ing by nailing through the tin. The proper method of 
fastening is shown in Fig. 53, where the strips of tin 
are laid as shown at b and c, and then fastened by 
cleats e, e, e, e, locked under the front edge of the tin, 
and nailed to the sheathing. These cleats are placed 
15 inches apart, and when the next sheet is in place 
and the seams hammered down over the cleats, which 
are from 1% to 3^/2 inches wide, the tin will be held 
down securely. 
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cedtDg strip. In this manner three thieknesaeB of the 
felt are secured. Before laying the tarred felt, a l^er 
of resin-sized felt, lapped about 2 inches should be placed 
upon the sfaeatliing, and secured with tacks sufBcient tti 
hold it in place. The method of seciuing the tarred pii 
per is Hs follows -. A thin trail of hot tar is ran nnd. 
each lower edge of the paper by means of a cone-8hap< 
dipper which may be pushed along under the Ci 
of the paper from one end of the roof to the oth^ 
which the upper surface of the paper is swabbej 
hot tar, and a strip of board % x 2% inches iiT 
around the edge of the roof. After the strip in I 
it is given a coat of hot tar, which is also swahtit 
the entire surface of the paper on the roOf. 
mediately followed by a layer of clean gravfifl 
on the tar. This serves as a protection, 
the tar from running when heated by the i 
sun in hot weather. The. tarred paper t 
good quality, for the reason that upon it 1 
waterproofing. In some casa^; a second lAJ 
is placed on top of the triple layer iu j~ 
assurance doubly sure. This second Itijn 
as to allow 20 or 22 inches to the weal 
it is mopped with tar, and another e 
before the gravel is spread. For I 
too steep for the ordinary tar i 
thick felt ranging from 1/16 to ) 
taincd, which is already coated 1 
may be at once placed on the ruof, J 
laps being made with a compositiftf 
the roll. This makes a good roofil 
either hot or cold dr>' latitudes 
ing is made ivith layers of felt a 
of pulverized slate, and asphalt, a 
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Beams of timber, east iron, and wrought iron are 
used ; but the best and most usual material is rolled steel 

« 

made by the Bessemer, or the Siemens-Martin open- 
hearth acid process. Such steel breaks under a tension 
of 28 to 32 tons per square inch, elongates about 20 per 
cent in a length of 8 in., and contracts 40 per cent in 
area. 

The main beams of bridges are styled Trusses, the 
smaller cross beams Joists. Rolled joists are of uni- 
form I section from end to end. They are much used 
in large buildings and other structural work, also for 
light crane girders ; being cheap, convenient, and readily 
obtainable. But the use of rolled joists for long spans 
involves some waste of material, owing to the section 
being uniform, instead of proportional to the varying 
bending moment. 

TABLE 5 

SAFE DISTRIBUTED LOADS ON HEAVY STEEL JOISTS. ' 

(The Facior of Safety is 5.) 
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Mean Thickness 
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ton. 


20 


7.5 


1.00 


0.60 


80 


• • 


• • 


43 


35 


29 


25 


18 


7 


0.04 


0.55 


75 


• » 


• • 


34 


27 


22 


19 


16 


6 
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Note. 


— The safe loads stated include in 


each case the 


weight of the 
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itself. 






















Formula for safe load on a rolled steel joist 


in 


terms 


of its 


weight : 
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Fin which 
"W :^ saf e distributed luad {tons}. 
"W ;^ weight Joist per lineal foot (pounds). 
B ^ breadth of flange (inches). 
n 33 total depth of joist (inches). 
L 3:: clear span (feet). 

Thi.s fiininila gives safe loads slighily less than those 
given in tiibli- li. 




tjom/pound Joists. — Figs. 54 and 55 are made by 
ttineeting together two or three simple joists by means 
I cast iron distance pieces and bolts. Ttiesa anwiM 



well for the beanis over wide doorways and windows. ' 
A Compound, or Box Girtier.— Fig. oli is built up of I 
either rolled joists or channels ; and two or more plates. ■ 
Such a girder can rapidly be put together from stock 
sections. 

A Plate Girder. — Fig. 57 has top and bottom flangea, ] 
or booma, of two or more plates connected by angle Z 
irons to a plate web, stiffened by T-irons. A ilouble- 
webbed box girder is less liable to lateral buckling. 




FIG. GO. 



A Lattice Girdcr.^Fig. 59 baa its flanges connected 
by a system of diagonal bars or trellis work, usually 
made of channel bars riveted together. 

A Warren Girder is the commonest example of a 
braced girder, of which there are many types. Its 
flanges are connected by substantial bars inclined at 
60°, the joints being made with pins. Those bars in 
tension are termed Ties, and those in compresBion 
struts. 

^ Sowsiring Girder has a stiff' arch above, and tKoa, J 



Lit is hung the "platform" which ties the ends cif the 
I areh together. 

The litacltons are the passive upward siipiiortiiig 
r forces induced by the applied forces or loads. 

A Concentrated or Local Load (W tons) is applied 
lat a single section, while a uniformly distributed load 
(W tons per foot run) is spread equally all over the 
^beam. 

Dead Load is gradually applied, and remains 
[ steady, or constant in amount. 



I 




A LJi)e Load cornea on suddenly, and causes vibra- 
tion. A live load is twice as destructive as a dead load 
of the same nominal amount. Hence a live load is re- 
duced to an equivalent dead load by doubling it. 

The Load on a Flow is reckoned in pounds per sq. 
ft. It consists of the weight of the materials compos- 
ing the floor (dead load), and the weight of the per- 
sons, goods or machinery (live load). The dead load 
is usually reckoned at from 70 to 80 lbs. per scv. i\,. 



The following table gives the total loads (live and I 
dead) that may be allowed for in designing variotu 
kinds of floors. As the loads are mixed, a suitaM«J 
factor of safety, for steel joists, is four. 

NiturE of Floor. Lo»d. 

lb. per aq. F 

Far housei or offices 150 

For public halls and schools 180 

For warehouses ilTiO 

Floors carryinE heavy machinery 600 

The Breaking Load of a beam is that dead load ^ 
which just suiBces to cause fracture. The Working c 
Saffi Loitd is the greatest dead load which the Beam is 
permitted to carrj', or its equivalent live load. The 
latter must always be so small aa to put all danger of 
rupture out of tlic question. Hence the need for i. 
factor of saffty. 
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The Clear Span of a beam is tlie distance between 
the vertical faces of the supports or Abutments. The 
Effective Span (L inches or feet) is the distance be- . 
tween the centers of the bearing surfaces on which the 
beam rests. 

The Effective Depth of a girder is the distance be- 
tween the centers of area of the flanges. It is the | 
length of the resistance arm (in inches or feet). 

The Vertical Shearing Force (S tons) at a section of 1 
a beam is the algebraic sum of all the external forces I 
acting on either side of it. At every section the fforirl 
zontal Shearing Force is equal to the vertical 8hearing| 
force. 
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The Bending Moment or Moment of Flexure (M 
inch-tons) at a cross section of a beam is the algebraic 
sum of the moments of all the external forces on either 
side of that section. Its value depends on the position 
and magnitude of the loads. 

The Working Momenta of Resistance (M inch-tons) of 
a section of a beam measures the local ability of the 
beam to resist, without distress, the bending moment 
actually applied; to which it is numerically equal, though 
of opposite sign. When speaking, without qualification, 
of the moment of resistance, the greatest safe working 
value is meant. 

The Ultimate Moment of Resistance is numerically 
equal to the moment of the bending couple which will 
just break the beam. It is not possible to calculate this 
in any rational manner; but an empirical rule is given 
by Sir B. Baker, which may be put into mathematical 
form as follows: 

Backer's Rule. — Let M inch-tons be the moment of re- 
sistance calculated by the ordinary methods ; using, how- 
ever, the ultimate tensile stress on the material in place 
of the safe stress. Let a square inches be the area of 
the cross section of the beam, and A square inches the 
area of the enclosing rectangle. Then the ultimate mo- 
ment of resistance is 




M + 70 per cent of M X — = M | 1 + 0.7 

A 

from which the load required to break a beam of given 
span may be approximately calculated. 

In a Beam of Uniform Strength the greatest safe or 
working moment of resistance of each cross section equals 
the bending moment at that section. Such beams are 
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eomnionly "iislibellied," as erane girders; or "saddle-^ 
biiL'ked," as hridge-girders; or have flanges of varj-ing, 
thickness. 

Stress (t tons per square inch) is the resistance of. 
the material per unit area of cross section induced by 
the load; or, more generally, any pair of equal and. 
directly opposed forces (P tons). 

Strain is the fractional change of length per unit 
length caused by the Ibad; or, more generally, any' 
alteration of shape or size due to stress. 

The Elastic Limits of a material are those particular 
stresses, of tension and pressure, at which the ratio of 
stress to strain first peases to be constant, or at which 
"permanent set" begins. Strength and deflection 
formulte apply only within these limits of stress. 

The Modulus of Elasticity (E tons per square inch) 
of a material is the ratio of stress to strain within the 
elastic limits. E is about 13,400 for mild steel, but may 
be taken as 9,000 for riveted work. 

The Neutral Surface of a beam is that layer of fibers, 
or of particles, which is neither compressed nor ex- 
tended when the beam is bent. The Neutral Axis of a 
section is the line in which this section cuts the neutral 
surface. It passes through the center of area or Cent- 
roid of the section, provided the modulus of elasticity 
of the material in tension equals that in compression. 
The stress on any part of a section varies as its distancfr 
from the neutral axis, 

Camher is the initial rise in the center given to a 
girder in order to avoid any appearance of sagging or 
deflection below the horizontal. An average value is 
%-in. per 10 ft. nf clear span. 

The Modulus of a Section (Z inch'') of a beam is a 
geometrical quantity whose value depends solely on the 
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TABLE 6. 



LOADS UNIFORMLY DISTRIBUTED 
FOR STANDARD AND SPECIAL 

I-BEAMS 

IN TONS OP 2,000 LBS. 
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32 00 


22 


26 97 


21 51 


18 


16 26 


16 


19 51 


14 93 


10 83 


13 


80 


30.93 
29.94 


21 
20 


26 07 
25 23 


20 79 
20.12 


17 
17 


15 72 


16 
15 


18 86 
18 25 


14 43 
13.97 


10.47 
10 13 


.13 


31 


15 21 


13 


83 


29.00 


20 


24 44 


19 49 


16 


14 73 


15 


17 68 


13.53 


9 82 


.12 


83 


28.12 
27.29 


19 
19 


23 70 


18 90 


16 
15 


14 29 
13 87 


14 
14 


17 14 
16.64 


13.12 
12.74 


9 52 
9.24 


12 


34 


23 00 


18 35 


.11 


85 


26 51 


18 


22 35 


17 82 


15 


13 47 


13 


16 16 


12.37 


8.98 


.11 


86 


25.78 


.18 


21 73 


17 33 


15 


13 10 


13 


15.71 


12.03 


8.73 


.11 



Safe loads given include 
IQflOO lbs. per square inch. 



weight of beam. Maximum fiber stress. 
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TABLE 6— Continued. 



SAFE LOADS UNIFORMLY DISTRIBUTED 
FOR STANDARD AND SPECIAL 

I-BEAMS 









IN TONS 


OP 2000 LBS 


■ 








J.9 


12 


' I 


.26 


10" I 


^2 

.22 


9" I 


• Add for every lb. 
o increase in weight 


Distance between 
Supports in Feet 


8*1 


^1 
5« 


ll 


40 
Iba. 


81.5 
Ibi 


2S 

lbs. 


21 
lbs. 


18 
Ibft 




12 


-r - 

19 92 


15.99 


10.85 


8.39- 


5 


15.17 


.42 


13 


18.39 


14.76 


.24 


10.02 


.20 


7.74 


.18 


6 


12.64 


.35 


14 


17.08 


13.70 


.23 


9.30 


.19 


7.19 


.17 


7 


10.84 


.30 


15 


15.94 
14 94 

14.06 


12.79 
11.99 

11.29 


.21 
.20 

.19 


8.68 
8.14 


.17 
16 

.15 


6.71 


.16 
.15 

.14 


8 
9 

10 


9.48 
8.43 

7.59 


.26 


16 


6.29 
5 92 


.23 


17 


7.66 


.21 


18 


13.28 


10.66 


.18 


7.24 


14 


5.59 


.13 


11 


6.90 


.19 


19 


12.58 


10.10 


.17 


6.86 


14 


5.30 


.12 


12 


6.32 


.18 


20 


11 95 


9 59 


.16 
.15 


6.51 
6.20 


.13 
.12 


5.03 
4.79 


.12 
.11 


13 
14 


5.83 


.16 


21 


11.38 


9.14 


5.42 


.15 


22 


10.87 


8.72 


.14 


5.92 


.12 


4.58 


.11 


15 


5.06 


.14 


23 


10.39 


8.84 


.14 


5.66 


.11 


4.38 


.10 


16 


4.74 


.13 


24 


9.96 


7.99 


.13 


5.43 


.11 


4.19 


.10 


17 


446 


.12 


25 


9.56 


7.67 


.13 


5.21 


.10 


4.03 


.09 


18 


4.21 


.12 


26 


9.19 


7 38 


.12 


5.01 


.10 


8.87 


.09 


19 


3.99 


.11 


27 


8.85 


7.11 


.12 


4.82 


.10 


3.73 


09 


20 


3.79 


.11 


28 


8.54 


6.85 


.11 


4.65 


.09 


3.59 


.08 


21 


3.61 


.10 


29 


8.24 
7 97 


6.62 
6.40 


.11 

.11 


4.49 
4.34 


.09 
.09 


3.47 
3.36 


.08 
.08 








30 

















Safe loads giveu include weight of beam. Maximuiii fiber stress, 
10,000 lbs. per square inch. 
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TABLE 6— Continued. 



LOADS. UNIFORMLY DISTRIBUTED 
FOR STANDARD AND SPECIAL 
I-BEAMS 



IN TONS OP 2,000 LBS. 



between 
(in Feet 


r I 


5*1 
.86 


6* I 


• Addforeyerylb. 
hI increase in weight 


5' I 


.26 


4' I 


• Addforererylb. 
hI increase in weight 


3" I 


ft 


Distance 
Snpportf 


15 

lbs. 


12.25 

lbs. 


9.75 

lbs. 


7.5 
lbs. 


5.5 
lbs. 




5 


11.04 


7.75 


5.16 


3.18 


1.76 


.16 


6 


9.20 
7.89 
6.90 
6.13 


.30 
.26 
.23 
.20 


6.46 
5.54 
4.84 
4.81 


.26 
.22 
.19 
.17 


4.30 
3.69 
3.23 


.22 

.19 
.16 
.14 


2.65 
2.27 


.18 
.15 
.13 
.12 


1 ..47 


.13 


7 


1.26 
1.10 
0.98 


.11 


8 


1.99 

1.77 


.10 


9 


2.87 


.09 


10 


5.52 
5.02 


.18 
.16 


8.88 


.16 
.14 


2.58 
2.35 


.13 
.12 


1.59 
1.45 


.11 
.10 


0.88 
0.80 


.08 


11 


3.52 


.07 


12 


4.60 


.15 
.14 


8.23 
2.98 


.13 

.12 


2.15 

1.98 


.11 
.10 


1.33 
1.22 


.09 

.08 


0.73 
0.68 


.07 


18 


4.25 


.06 


14 


8.94 


.13 


2.77 


.11 


1.84 


.09 


1.14 


.08 


0.63 


.06 


15 


8.68 


.12 


2.58 


.10 


1.72 


.09 


1.06 


.07 


0.59 


.05 


16 


8.45 


.11 


2.42 


.10 


1.61 


.08 


0.99 


.07 


0.55 


.05 


17 


8.25 


.11 


2.28 


.09 


1.52 


.08 


0.94 


.06 


0.52 


.05 


18 


3.07 


.10 


2.15 


.09 


1 43 


.07 


0.88 


.06 


0.49 


.04 


19 


2.91 


.09 


2.04 


.08 


1.36 


.07 


0.84 


.06 


0.46 


.04 


20 


2.76 


.09 


1.94 


.08 


1.29 


.07 


0.80 


.05 


0.44 


.04 


21 


2.63 


.09 


1.85 


.07 


1.23 


.06 


0.76 


.05 


0.42 


.04 



Safe loads given include weight of beam. Maximum fiber stress^ 
16,000 lbs. per square inch. 
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TABLE 6-Contmiied. 

SAFE LOADS UNIFORMLY DISTRIBUTED 

FOR STANDARD AND SPECIAL 

CHANNELS 



I 



B 


15' C 


1 


12" C 




10- C 


n 


9-C 


ft 


li 


J3 


T^ 


15 


ua 


H 

iL 


10 


22,23 


.30 


11.39 


.33 


7.U 


.20 


5.61 


24 


u 


30.20 


.35 


10.35 


.29 


6.40 


.24 


5.10 


31 


13 


18.63 


.33 


-9.49 


.26 


5.95 


.33 


4. 68 


30 


13 


17.10 


.30 


8.78 


.24 


5.40 


,20 


4 33 


18 


14 


15. B7 


.38 


8.14 


.23 


5.10 




4.01 


17 


15 


14.82 


.26 


7.59 


.21 


4.76 




3.74 


16 


16 


13,89 


.24 


7.12 


.20 


4.46 




8.51 


15 


17 


13,07 


.23 


6.70 


.18 


4.20 




3.30 


14 


18 


12,85 


.23 


6.33 


.18 


3.96 




3.12 


13 


19 


11.70 


.21 


5.99 


.17 


3.76 




3-95 


12 


20 


11.11 


.20 


5.70 


.16 


3,57 




2.81 


13 


31 


10.58 


.19 


5.43 


.15 


3.40 


.12 


3.67 


11 


23 


10.10 


.18 


5.18 


.14 


3.34 


.13 


3.55 


11 


23 


9.6G 


.17 


4.95 


.14 


3.10 


.11 


3 44 


10 


24 


0.26 


.16 


4.75 


.13 


2.07 


.11 


2.34 


10 


2B 


8.80 


.16 


4.66 


.13 


2.85 


.10 


8.34 


09 


26 


8.65 


.IS 


4.38 


.13 


2.74 


.10 


3.16 


09 


37 


8.23 


.14 


4.23 


.13 


3.64 


.10 


3.03 


09 


28 


7.94 


.14 


4.07 


.11 


2.53 


.OS 


2.00 


08 


29 


T.66 


.13 


3.93 


.11 


3.46 


.09 


1.03 


08 


30 


.7.41 


.13 


3.80 


.11 


3.38 


.09 


1 ^ 


08 
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shape and size of the section. When multiplied by the 
safe limiting stress, it gives the moment of resistance of 
the section. 

The Moment of Inertia of a Section (I inch^) relative 
to the neutral axis is a quantity which, when divided by 
the distance of the extreme fibers from that axis, gives 
the modulus of the section. 

To find the moment of inertia of a plane figure about a 
given axis, multiply the area of a small part of the fig- 
ure by the square of its distance from that axis, and 
repeat the operation several times till the whole figure 
has been dealt with piecemeal. The sum of all these 
products is the quantity sought. 

Table 6 gives the safe loads for I beams ranging in 
width from 3 inches to 24 inches; and with supports 
at various distances apart. These loads include the 
weight of the beam, and are assumed to be uniformly 
distributed over its entire length. In order to ascer- 
tain the net load that the beam will carry, deduct weight 
of beam. The weight in pounds per foot is given at 
head of columns. 

Table 7 gives safe loads evenly distributed for chan- 
nel bars ranging in width from 3 inches to 15 inches. 
Weight of bar pounds per foot at top of columns. 
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TABLE 7. 



LOADS UNIFORMLY DISTRIBUTED 
FOR STANDARD AND SPECIAL 
CHANNELS. 











IN 


TONS 


or 2.000 LBS. 










|2 

% 


8'C 


Pi 

•o S 

42 


r C 


Mi 

.36 


6'C 


it 
-.1 

.31 


5"C 


-1 

H 

20 


4'C 


-1 
21 


8'C 


?! 


it 


1125 


9.75 
Ibt. 


8 

Ibr. 


63 
lbs. 


S.25 
lbs. 


4 
lbs. 


5.1 


6 


8.61 


6 68 


4 62 


3 16 


2.02 


1 16 


16 


6 


7.18 


.35 


5 57 


.30 


3 85 


26 


2 63 


22 


1.68 


.18 


.97 


13 


7 


6.15 


.30 


4.77 


.26 


3.30 


.22 


2.26 


.19 


1.44 


.15 


.83 


.11 


8 


5.38 


.26 


4.18 


.23 


2.89 


.19 


1 98 


.16 


1.26 


.13 


.73 


.10 


9 


4 78 


.23 


3 71 


.20 


2 57 


.17 


1.76 


.14 


1.12 


.12 


.64 


09 


10 


4.31 


.21 


3.34 


.18 


2 31 


16 


1.58 


13 


1.01 


.11 


.58 


08 


11 


8.91 


.19 


3.04 


.16 


2 10 


14 


1.44 


12 


.92 


.10 


.53 


07 


12 


3 59 


.18 


2.78 


.15 


1 93 


13 


1.32 


.11 


.84 


09 


.48 


07 


13 


3.31 


.16 


2.57 


.14 


1 78 


.12 


1 22 


10 


.78 


.08 


.45 


06 


14 


3.08 


15 


2.39 


.13 


1.65 


.11 


1 13 


09 


.72 


.08 


.41 


.06 


15 


2 87 


14 


2.23 


.12 


1.54 


10 


1 05 


09 


.67 


.07 


.39 


05 


16 


2 69 


.13 


2 09 


11 


1 44 


10 


99 


08 


.63 


.07 


.36 


.05 


17 


2 53 


12 


1 96 


11 


1 36 


09 


.93 


08 


.59 


06 


.34 


.05 


18 


2 39 


.11 


1.86 


10 


1.28 


.09 


.88 


07 


.56 


.06 


.82 


04 


19 


2.27 


.11 


1.76 


09 


1 22 


08 


83 


07 


.53 


.06 


.31 


.04 


20 


2 15 


.11 


1.67 


.09 


1 16 


.08 


79 


07 


.51 


.05 


.29 


.04 


21 


2 05 


10 


1.59 


09 


1 10 


07 


75 


06 


.48 


06 


.28 


.04 


22 


1.96 


.10 


1 52 


08 


1 05 


07 


.72 


06 


.46 


.05 


.26 


.04 


23 


1.87 


.09 


1 45 


.08 


1 00 


07 


.69 


06 


.44 


.05 


.25 


.03 


24 


1.79 


09 


1 39 


08 


.96 


06 


.66 


05 


.42 


.04 


.24 


.03 


25 


1 72 


.08 


1 34 


.07 


92 


06 


63 


05 


.40 


.04 


.23 


.03 



Safe loadsgiven include weightof channel. Maximum fiber stress, 
16,000 lbs. per square inch. 
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TABLE 8. 

SPACING OF STANDARD I-BEAMS FOR 
UNIFORM LOAD OF 100 LBS. 
PER SQUARE FOOT 
morcn wstahcb rN f 



B 


24-1 


20' I 


18- I 


15- 1 


12- I 


10' I 


Jl 


Itik 


so 


a 

Its. 


u 


SO 


H 


IbL 


40 


31.S 


It* 


12 


128.9 


108 6 


86 G 


65 5 


78.6 


66.1 


43.6 


33.3 


26 6 


18 1 


13 


109.8 


92.6 


73.8 


55.8 


67.0 


51,3 


37.2 


28.3 


23.7 


15 4 


U 


94,7 


79,8 


63.7 


48.1 


57.7 


44.2 


32 I 


34.4 


19.6 


13 3 


15 


82.5 


69,5 


55-6 


41.9 


50.3 


38,5 


37.9 


31,3 


17,1 


11 6 


16 


72.5 


61.1 


48.7 


36.8 


44.2 


33,8 


24.5 


18.7 


15.0 


10,2 


n 


64.3 


54,1 


43.2 


33,6 


39,3 


30,0 


21.7 


16 6 


13.3 


90 


18 


57,3 


48.3 


38. « 


29,1 


31.9 


36.7 


19.4 


U.8 


11 8 


8.0 


19 


61.4 


43.3 


84. G 


36 [ 


31.3 


34.0 


17.4 


13 3 


10 6 


7 2 


20 


46.4 


38.1 


31,2 


23.6 


28 3 


31.7 


15,7 


13.0 


9.6 


6 5 


21 


43.1 


35.5 


38,3 


21 4 


35-7 


19,6 


14.2 


10.8 


8.7 


5 9 


23 


38.4 


33-3 


25.8 


19 5 


23.4 


17.9 


13.0 


9 9 


7.9 


S 4 


23 


86.1 


29-6 


23.6 


17.8 


21.4 


16,4 


11.9 


9.0 


7.8 


49 


24 


33.3 


37.2 


31.7 


16.4 


19,6 


15,0 


10,9 


8.3 


67 


i 5 


26 


39.7 


25^0 


3U.0 


15.1 


18 1 


13.9 


10 1 


7 7 


6.1 


43 


26 


37 3 


23.1 


18,5 


13. S 


IG 7 


12 8 


93 


7 1 


6,7 


3 9 


27 


25,5 


21 5 


17.1 


13.9 


15 5 


11 9 


8 6 


6 6 


5 3 


3.6 


28 


"23.7 


20,0 


15.9 


12,0 


14,4 


11 


80 


6 I 


4 9 


3.3 


29 


23.1 


18.6 


14.8 


11.2 


13,5 


10 3 


7 5 


5.7 


4 6 


8 1 


80 


20.6 


17,4 


13.9 


10 5 


13,6 


9.6 


7 


5 3 


4 3 


8 9 



TABLE 8— Continued. 

SPACING OF STANDARD I-BEAMS FOR 

UNIFORM LOAD OP 100 UBS. 

PER SQUARE FOOT 



11 


9-1 


8' I 
If. 


T J 


6-1 


6- I 


4- I 


3' I 


11 


IBl 


^l 


Ibi 


iit 


,1! 


IbL 


G 


80.5 


60.7 


44 3 


31.0 


20 6 


13 7 


7.0 


6 

7 


59. 9 

41.1 
SI 5 

34,9 


43.1 
81-0 

23,7 
18 7 


80.7 

17 3 
13.0 


31 5 
15,8 
13 1 
9.6 


14 3 
10.5 
8,1 


8,8 
6.5 


4.9 
8.6 


8 


5.0 
3,0 


2 8 


9 


6,4 


2.3 


10 


20.1 
16 6 


15.2 
13 5 


n.i 

9,1 


7.8 


5.3 
4.3 


3.2 
3.6 


1.8 


11 


6 4 


1.5 


13 


14-0 
11.9 
10,3 


10 S 

9.0 


7.7 


5.4 
4,6 
4.0 


3 6 

3 1 
3 


3.3 
I 9 

1.6 


1.3 


13 


6.5 
56 


1-0 


14 


7.7 


0,9 


IS 


9,0 


6.7 
5.9 


4.9 
4.3 


3,4 
3.0 


3,3 
3 


1.4 
1,3 




16 


7.9 




17 


7.0 


5 8 


3.8 


2.7 


1.8 


1.1 




18 


6,3 


4 7 


3.4 


3 4 


1 8 


.98 




19 


5,6 


4.3 


3.1 


2.2 


1,4 






20 


B,0 


3,8 


3.8 


i.a 


1.3 






21 


4.6 


3 4 


2.5 


1.8 


1.3 






S3 


8,8 


8 1 


2.3 


1,6 


1.1 







e the spacing given by 3. 
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General Formulce on the Flexure of Beams of any 

Cross-Section, 

Let A =: area of section in square inches, 
1 = length of span in inches, 
W = load uniformly distributed in pounds, 
M = bending moment in inch-pounds, 
h = height of cross-section, out to out, in inches, 
n = distance of center of gravity of section, from 

top or from bottom, in inches, 
f := stress per square inch in extreme fibers of beam, 
either top or bottom, in pounds, according 
as n relates to distance from top or from 
bottom of section, 
D =: maximum deflection in inches, 
I = moment of inertia of section neutral axis 
through center of gravity, 
I" = moment of inertia of section neutral axis par- 
allel to above, but not through center of 
gravity, 
d = distance between these neutral axes, 
S = section modulus, 
r = radius of gyration in inches, 
E = modulus of elasticity for steel 29.000,000 ; 



Then: S = , r= LL 



V A 



fl 

M=: --=JS, 

n 

Mn M 
f = = 



/ S 
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8fl 8f 

■w = = S, 

In 1 

Win Wl 



81 8S 

I" = I + Ad2, 

5W13 for beam supported at both ends 

Dzz: 



384 EI and uniformly loaded, 
PP for beam supported at both ends 



D = 



48 EI and loaded with a single load P at 
middle. 



Wl^ for beam fixed at one end and un- 

D = 

8 EI supported at the other and uni- 
formly loaded, 

^Pl*^ for beam fixed at one end and un- 

D = 

3 EI supported at other and loaded with 
a single load P at the latter end. 

The box, or compound girder, has already been al- 
luded to. Tables 9 and 10 give the safe carrying ca- 
pacity of box girders made up of 10-inch and 12-inch 
I beams. The distance center to (»onter of bearing 
varies from 10 feet to 39 feet. 

The valuers given in Tables 9 and 10 are founded upon 
tJie moments of inertia of the variows ^eeWow^. Deduc- 
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TABLE 9. 
BEAM BOX GIRDERS 



k 
i 


llr 


ii s 

m 


J 
it 

■S-3 


lit 




^ » 


t; £ 


1 


10 


46.00 


047 S 


08 


0.02 


11 


40.92 


0;52 ! 




0.03 




37.60 


0.66 a 










0.61 






14 


32! 15 








15 


3O.00 


0:70 










O.V5 










0.80 






18 










19 










ao 






















OM 










9.B7 


.08 








8.75 


. 3 
















26 














:27 1 


: 3 








31 


. 








.36 


.05 














31 




AS C 




S'OT 


39 




.50 C 




33 




. 5 . 1 




















;^4 j 1 










.69 L 


[85 


0:09 






. 4 1 




0.09 










o.oe 


39 


1.54 


:s3 1 


'.7B 





square inch ; j{ in. rivet holes In both flangea deducted. Weights of 

tiona were made for the rivet holes in both fianges. 'The 
maximum stre.9s in extreme fibers was limited to l^jQWi 
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1 


m 




TABLE 10 






1 




BEAM BOX GIRDERS 




1 




•Af* WADS IN TONS yrilFORM 


LY DISTRIBUTBO 






S-IS in 1. Beams and 2 Plates 


14 in, V « 


n. 


1 










.. 1 


^1 iPi> 


I-Beaiii» 


^■j"' 


™s 






^B "'''* psr"Fool 


P^rF 


oot 






1 Jl 

1 1 


pi 


IS 

m 




ili 




ill ■ 


1 


ill 
t 




a s 




- s 


s » 




i 




^H 


73.33 


0,65 


4.33 


86,87 


0.57 


,40 


0,03 






0,72 




69.98 


0.63 


,99 


0,03 




6i!l 






64.98 




.66 






66.40 




3:33 


60. 5 


0:74 


.38 










3.09 


47. 2 


0.8 


.14 




^1 


48! 






43.88 


0.8 








46.83 


l!05 








175 






43. 3 


1.11 






0:9 


.58 


o;05 






1.18 




39. 5 


.0 


.45 


0.06 




3S;60 






34, 2 






O.OB 










32.98 






0.06 






1.37 




31.43 


.1 


.08 


0.0a 






1.44 








.2 


.00 


0.0s 






















30:6 


i;57 




.BO 


£7:48 


ise 








28.33 


1.83 




.73 


28.39 


.4 


.76 






28.20 


1.70 




. a 


25.37 




.68 














24.44 
















: 5 


23.66 


'.5 








25.28 


1.88 




.49 


22.' 5 


.65 


.51 


0,08 




24.44 


1.96 










.47 


0.09 










.40 


2i'.aa 




.42 








:oe 




. 5 


ao,62 










22.22 


.18 




. 2 


20,00 


.87 




0. 


34 


21.57 


.■22 












0. 




























'.2Q 


la: 2 


:o6 








18.82 


.42 




. 7 


17.83 


.IQ 


.18 


0. 1 










. 4 


17. 7 


2,16 


.15 


0. 1 


39 


18,81 


*,55 








2.21 1 






Abo 


vc viiiues iire based on maximum (i 


ber str.;ss 


ij.ooo 


lbs. ptr _ 




nch ; )] in. rivet holes in both flan 


ges dediicte 


. w 


ichucf J 


(irdera 


4n 


U^^ 


ES. 


J 



STEEL BEAMS AND GIRDERS 115 

lbs. per square inch, while in the tables on rolled steel 
beams, a fiber stress of 16,000 lbs. was used. This re- 
duction was made in order to amply compensate for 
the deterioration of the metal around the rivet holes 
from punching. 

Box girders should not be used in damp or exposed 
places, *since the interior surfaces do not readily admit 
of repainting. 

Example. — A 13-in. brick wall 16 feet high is to be 
built over an opening of 25 ft. What will be the sec- 
tion of the girder required? 

Answer. — Assuming 26 feet as the distance center to 
center of bearings the weight of the wall will be 
26 X 16 X 121 = 50,336 lbs., or 25.17 tons. 

According to Table 10, a girder composed of two 
12-in. beams each weighing 31.5 lbs. per foot and two 
14 X V2 ^^' flange plates will carry safely for a span 
of 26 ft. a uniformly distributed load of 25.37 tons, in- 
eluding its own weight. Deducting the latter, 1.48 tons 
given in the next column, we find 23.89 tons for the 
value of the safe net load, which is 1.28 tons less than 
required. From the following column we find that by 
increasing the thickness of the flange plates 1/16 in. 
we may add 1.68 tons to the allowable load. This will 
more than cover the difference. Hence, the required sec- 
tion will be two 12-in. beams 31.5 lbs. per foot and two 
14 X 9/16 in. cover plates. 

Notes on Steel and Iron. — 1. The average weight of 
wrought iron is 480 lbs. per cubic foot. A bar 1 inch 
square and 3 feet long weighs, therefore, exactly 10 lbs. 
Hence : 

To find the sectional area, given the weight per foot, 
multiply by 3/10. 



( 



ilCl H-LyM*r»i: pr« 



To flx*d th*r T.vr:2tt per f'X't. grrr-n i3>? seMia 

2, Th^r TAfJirht of «t/5f-i is 2 j-er /^eDt ereater thjoi that 
of n'l^^tiffht jron. To find *^wt:oaal are«- given weight 
jMrr f'^>t. d'iv'A^ by 3-4, 

To f'wd wfrjght i^'-r f<x4. gjv^^n s^^tjonal ar«a, multiplv 
by ZA, 

'1 Th<r ^r^-nt'rr Irjad at whi<:h a bar of wrought iron 
1 if J, M^iuare. and 12 in. center to eenter of points of 
Kiipport. will give way is ver>' nearly one ton. 

4, Within the elasiic limit the extension and coni- 

pn^mton of wrought iron is ver\' ^^^^^y-io^o" ^^ ^^ 
length for a tdrtnw of one ton per square inch. 

For ea«t iron this ratio is -^^ for tension, but be- 
coffKfH variable for compression. 

if. The contraction or expansion of wrought iron un- 
iler changcfM of temf>erature is about ^^^ of its length, 
for a variation of 15''^ Fahrenheit. 

The HlrcHH thus induced, if the ends are held rigidly 
fixed, will be about one ton per square inch of cross- 
wjction. 

f). Thfi cocfficiffnt of expansion of wrought iron for 
100'^ Fahrenheit is 0.000686. Therefore, for a variation 
in 1erni)(;ralure of 125'^, a bar of wrought iron 100 feet 
long will expand or contract 1.029 inches. 

(^onvrrscli/ — A diangc^ in length of 1 inch per hun- 
dred feet would be y)roduced by a variation in tempera- 
lure of 121.5'' Fahrenheit. 

7. The melting point of iron and steel is about as 
follows: Wrought iron, 3,000° Fahrenheit; cast iron, 
2,000' Fnhrenlieit; steel, 2,400° Fahrenheit. 

H. The welding heat of wrought iron is 2,733° Fahr- 
enheit. 

Misrdhuu'ou.s Xotvs. — 1. Thrust of arch per lineal 
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1.5 wP 

foot : T = , in which w == load per square foot, 

r 

r z= rise in ^rch in inches, and 1 = span in feet. 

2. Approximately the radius of gyration for a box 
section is 4/10 the least side. 

Strength of Materials, — Table 11 gives tlie ultimate 
strength of the materials with which the millwright hag 
to deal mainly: 



TABLE IL— ULTIMATE STRENGTH OF MATERIALS. 

MAterial Tension in lbs. Ck>mprea8ion in Shearing Rtrength Modulus of El 

iuausnai ^^ square in. lbs. per square in. iu i.>g. jK^r t>q. in. in lbs. per squ 

iron 11,000 to 30,000 5,000 to 130,000 

iron, ave 16,000 95,000 11,000 14,000,000 to 23,( 

ight iron 40,000 to 70,000 20,000,000 to 31,( 

ight iron, ave 50,000 50,000 40,000 

steel, unhardened . 60,000 to 100,000 

steel, ave 80,000 70,000 55,000 30,000,000 to 36,( 

steel, hardened 120,000 

steel, untempered . 84,000 to 150,000 

steel, ave 120,000 15,000,000 to 17,( 

i. ash 17,000 9,300 1,400 

i. beech 11,500 to 22,000 7,700 to 9,300 

i, pine 11,000 6,000 650 1,400,000 

i. oak 15,000 10,000 2,300 1,500,000 

icr 4,200 25,000 



TABLE 12.— SAFE LOADS IN TONS FOR SMALL STRUTS— 

(WROUGHT IRON). 

Oroas Section of Angles Lengtli in feet. 

or Tees (Inches). 3 4 6 8 10 12 

2 x2 \ ]4 2.18 2.00 1.40 1.0.T 0.04 O.'IO 

2 x2 X H 3.00 2.61 2.35 1.43 1.08 8i 

2^x254x^4 2.71 2.43 1.93 1.43 1.14 0.8.-. 

2y2x2y2xH 4.00 3.55 2.81 2.10 1.6.1 l.'J* 

3 x3 x% 3.50 3.26 2.77 2.25 1.86 1.50 

3 X 3 xH 5.10 4.a3 4.09 3..^3 2.78 2 22 

3 X 3 xyi 6.70 6.26 5 31 4..38 3 61 2.*^0 

35^x3j4xJ4 4.?1 4.00 3..33 2.66 2.21 17". 

354x3Hxf^ 6.15 .5.8.-. .5.03 4.22 3.56 2 9) 

3i/$ X 3^ x i/^ 8.10 7.54 6.74 5.80 4 9) 4.'M 

4 x4 x^ 7.24 7.00 6..32 5.52 4.81 4 1'> 

4 x4 xyi 9.28 9.00 8.06 7.22 i\.2i\ ' 3' 

4 x4 xH 11.70 11.20 10.60 8.90 7.7.5 <i.::t 
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TABLE 12a.— DIAMETER, PITCH AND STRENGTH OF BOLTS. 

Diameter in Dinmeter at . Th 
Inciien. Bottom of Thread. 



'A 

H 
Va 
H 
1 

1J4 



0.185 
0.240 
0.2^ 
0.344 
0.400 
0.454 
0.507 
0.620 
0.731 
0.837 
0.940 
L065 



ids to the 


Safe Load in 


Lnoh. 


Pounds. 


20 


323 


18 


542 


16 


737 


14 


1,H8 


13 


1,515 


12 


1,940 


11 


2,424 


10 


3,645 


9 


5,010 


8 


6,610 


7 


8,350 


7 


10,100 



Timber Construction. — ^When it is necessary to use 
timber for supporting heavy loads, thie same methods 




FIG. 60. 

are to be pursued as when heavy weights are to be 
supported upon soft ground. This refers to eases where 
it is necessary to place more than a crushing load upon 
the timber. Reference to Fig. 60 will make this propo- 
sition plain. It will be noted that a metal plate is in- 
terpased between the surfaces of the timbers in order 
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to distribute the load over the area necessary to carry 
it Metal washers are used for the same purpose wlien 
the timbers are bolted together. Journal bearings are 
prone to cut into the wood when they rest upon wooden 
beams or girders, therefore it is best to provide a metal 
plate somewhat larger in area than the foot of the bear- 
ing and allow the bearing to rest upon it. When the 
foot of the bearing is shaped similar to the one sho^n 
in Fig. 61 the space enclosed by the flanged edges 
should be filled with either babbitt metal, or a cheaper 
method is to fill the cavity with pieces of wire, nails, 
other scraps of iron, and then pour it full of thin ce- 




FIG. 61. 

ment or melted brimstone; strike off the top level and 
allow it to set. It sometimes becomes necessary to join 
timbers together by means of joint bolts, as shown in 
Fig. 62. The hole is bored % inch larger than the rod 
for joint-bolts (holes for ordinary bolts are usually 
bored 1/16 inch larger than the rod or body of the 
bolt for sizes below 1 inch, and % inch larger for sizes 
greater than 1 inch in diameter) in order that the bolt, 
possibly a little crooked, may be turned around in the 
hole and nut. 

As arranged in Fig. 62, the joint-bolt c is slipped into 
the hole g, bored as above described to receive the rod 
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or shank of the bolt. Holf g is intprcepted by the irior-t 
lise d, which has been made in the inside of timber b;, 
and the distajiee e, from the mortise to the end ofi 
timber b, must be eonsidered. A cut washe,r should be I 
placed under the nut, and it is usual to place a cast! 
washer under the head, as that end of the bolt, bearing J 
on side wood, needs a larger bearing surface than does I 
the nut which heara against end wood. 

Assuming the joint bolt c, Fig. 62, to he % inch ini 
diameter, and that the timbers shown are of white pine,"^! 



:i=:.'j 



the post being 8x8 inches and the girt 6x8 inches, 
washers having an outside diameter of 2^4 inches will i 
be required imder the nuts. 

The following table gives the dimensions, weight, etc., 
of cast washers, together with the sizes required for 
various sized bolts: 

CAST WASHERS. 



n « M 



I 
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SHAFTING. 

Power is usually delivered to various parts of a plant 
by means of shafting supported by hangers, and con- 
nected to the prime mover through a system of coup- 
lings, clutches and belts. Shafting may be either cold 
rolled steel, turned shafting, or wrought iron. Wrought 
iron shafting is little used at present, as the same power 
can be transmitted by much smaller and lighter steel 
shafting. In considering steel shafting it is greatly a 
matter of personal choice as to whether cold rolled steel 
or turned shafting be used. It will be found, however, 
that the cold rolled shafting has a slightly higher tensile 
strength than the turned shafting. This is due to the 
removal of the skin of the metal in turning. The one 
great advantage in turned shafting is that it will all 
be of the exact size wanted, and any flaws in the stock 
due to seams or the metal not being homogeneous, will 
be apparent, and the shaft, or the part of the shaft af- 
fected may be thrown out. 

Strength of Shaftmg, — Table 13 will be found 
useful in calculating the strength of shafting. It has 
been calculated from the torsional moment of resistance 

of shafts, M 1= — f d^, where M = the torsional moment 

16 ^'^* 

of resistance, tr =z 3.1416, f ^ the stress per square inch 
to which the shaft is subjected. In the table two values 
are given for wrought iron, viz., 8000-lb. and 10,000-lb. 
d is the diameter of the shaft in inches. For cast iron, 
half the values given are to be taken, or 4,000-lb. and 
5,000-lb. less per square inch. For the transverse or 

bending moment, the formula is Mi^^^fd^. In thi 
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case of A steam engine M = f X L, where P = total 
pressure on piston, and L = length, of crank in inches. 

The ■ formula M =: — f d' when applied to an engine 

d> PL 

shaft becomes P L = f;d' = X 5.1, and d = 

5.1 f 

f Pf7 

--X 5.1, for twisting. For heading d = 
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Shaft Bearings. — The dLstanee apart of shaft bearings 
may be obtained by this rule : L = 5 -^^ toL = 4.8 "^cP; 
the former value being used for shafting carrying its 
own weight only, and the latter when the ordinary 
proportion of pulleys, etc., are carried by the shaft. 
L 33 length in feet between supports. 
d"= diameter of shaft in inches. 
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For a 4-in. shaft L = 4.8 ^16 = 12 ft. 

For diameters of shafts to resist torsional strains only, 

PI 

jMolesworth gives the following formula : d = "^ 

in whicl^ d = diameter in inches, P = twisting force in 
pounds applied at the end of a lever-arm whose length 
is 1 in inches, K = a coefficient whose values are : for 
cast iron 1,500, wrought iron 1,700, cast steel 3,200, gun- 
bronze 460 ,brass 425, copper 380, tin 220, lead 170. 
The value given for cast steel applies only to high-car- 
bon steel. 

Thurston gives, for head shafts well supported 
against springing, having bearings close to pulleys, or 
gears: 



d3R ^125H.P. 

H. P. = ; d = for iron ; 

125 R ' ' 



d3R ^75 H.P. 

H. P. = ; d =: , for cold rolled iron. 

75 R 

For line shafting, hangers 8 feet apart: 



d3R f 90H.P. 

H. P. = : d = , for iron; 

90 R 



d3R ^55H.P. 

H. P. =: :-: d =: , for cold rolled iron. 

55 R 

For transmission simply ; no pulleys : 



d3R ^62.5H.P. 

H. P. = ; d =: , for iron : 

62.5 R 
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H. P. = -; d — ■ , for cold rolled iron 

35 R E 

n which H. P. = horsepower transmitted, 

(1 ^ diameter of shaft in inches, 
R = revolutions per minute. 
Jones & Laughlin give the same fonnnlap as Dr. 
' Thurston, exnept the following, for line shafting, hang- 
I era 8 ft. apart: 



For simple transmLssion. and short contours: 



;d- 



R 



■, for cold rolled iron. 



As the strain upon a shaft caused by a load is pro- 
portional to the products of the parts of the shaft mul- 
tiplied into each other, therefore if the load be ap- 
plied near one end of the span or bay instead of at 
the center, multiply the fourth power of the diameter 
of the shaft required to carry the load at the center of 
the bay by the product of the two parts of the shaft 
when the load is near one end, and divide this product 
by tbe product of the two parts of the shaft, when 
the load is cai'ried at the center. The fourth root 
of this quotient will he the diameter required. The 
shaft in a line which carries a receiving pulley, or which 
carries a transmitting pulley to drive another line, 
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should always be considered a head shaft, and should 
be of the size given by the rules for shafts carrying maii; 
pulleys, or gears. 

For continuous shafting so proportioned as to deflect 
not more than .01 inch per foot of length, allowance 
being made for the weakening effect of key-seats, the 
following f ormute is given : 



^ 50 H.P. 



d = ; L =: ^ 720d2, for bare shafts ; 

R 



^ 70 IIP. 



d = ; L = "^ 140d2 for shafts carrying pul- 

R 

leys, etc., in which d = diameter in inches, 

L =: length in feet, 
R = revolutions per minute. 

Table 14 (by J. B. Francis) gives the greatest ad- 
missible distances between the bearings of continuous 
shafting, subject to no transverse strain, except from 
their own weight, as would be the case if the power 
given off from the shaft was equal on all sides, and at 
an equal distance from the hanger bearings. 

TABLE 14.— DISTANCE BETWEEN BEARINGS. 



Diam. of Shaft 


Wrought Iron 




in Inches 


Shafts 


Steel Shafts 


2 


15.4^ feet 


15.89 feet 


3 


17.70 feet 


18.19 feet 


4 


19.48 feet 


20.02 feet 


5 


20.99 feet 


21.57 feet 


6 


22.30 feet 


22.92 feet 


7 


23.48 feet 


24.13 feet 


8 


24.55 feet 


25.23 feet 


9 


25.53 feet 


26.24 feet 



Hollow Shafts. — Let d =i the diameter of a solid 
diaft, and dj dg the external and internal diameters of 
a hollow shaft of the same material ; then the two shafts 
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di^ — do* 

will be of equal torsional strength when d^ = . 

A 10-inch hollow shaft with internal diameter of 4 
inches will weigh 16 per cent less than a solid 10-inch 
shaft, but its strength will be only 2.56 per cent less. 
If the hole were increased to 5 inches, the weight would 
be 25 per cent less than that of the solid shaft, and the 
strength 6.25 per cent less. The following table is used 
by Wm. Sellers & Co. to facilitate the laying out of 
shafting. Figs. 63, 64 and 65 show the position of the 
hangers and position of coupling, for use either in case 
of extension in both directions from a central head- 
shaft, or extension in one direction from that head- 
shaft. The speed of shafting depends upon the kind 
of machinery it is used to transmit power to. The usual 
speed is as follows: 

R. P. M. 

For Machine shops 120 to 180 

*' Wood-working 250 to 300 

*' Cotton and woolen mills 300 to 400 

Deflection of Shafting — (Pencoyd Iron Works). — As 
the deflection of steel and iron is practically the same 
under similar conditions of dimensions and loads, and 
as shafting is usually determined by its transverse stiif- 
ness, rather than its ultimate strength, practically the 
same dimensions should be used for steel, as for iron. 
For continuous line-shafting it is considered good prac- 
tice to limit the deflection to a maximum of .01 of an 
inch per foot of length. The weight of bare shafting in 
pounds is : W = 2.6d2L, or as when fully loaded with 
pulleys, which is customary in practice, and allowing 
40 lbs. per inch of width for the vertical pull of the 



HANDBOtlK FOR MILLWRIGHTS 




belts, experience 'shows the load in poimAs to be about J 
W ^ 13d^L. Taking the modulus of transverse elat 
ticity at 26,000.000 Iba., we derive from authoritativ 
formula the following: 



L^ ^873d-. d^V for bare shafting; 

873 

Li 

L=;'^175d2, d^V for shafting carrying pul--i 

175 

leys, etc., in which L ^^ maximum distance in feet be- ■ 
tween bearings for continuous shafting subjected !»■ | 
bending stress alone, and d = diameter in inches. 

Torsion in a Shaft. — The torsional stress in a shaft is 
inversely proportional to the velocity of rotation, while 
the bending stress wiU not be reduced to tlie same ratio. 
The amount of torsion in any shaft should be no more 
than just enough to permit a deflection of not more than j 
one degree in thirty diameters of the shaft. 

For instance, a shaft 2 inches in diameter by 5 feet 
in length should not twist more than one degree when 
under full load, with the power applied at one end and 
given off at the other end of the shaft. 

This means that the 2-in. shaft would require to be J 
1,800 ft. in length before the allowable torsion or twist 
would allow it to make one complete revolution. 

The load upon any shaft is termed the "twisting mo- 
ment," and it is found by adding together the products 
of the radii of all the pulleys after each has been mul- 
tiplied by the belt pull upon each pulley. 

AU of the pulleys that take power from the shaft are 
to be thus (refifed. while the puWey w\ui\\ fi.cW-jtw.T^'Kee 



i 



_i ^^ 
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to the shaft is to be treated in a similar manner, but by 
itself, and the product of that belt pull, and the radius 
of its pulley will be found equal to the sum of all the 
other belt-radii products. Thus the greatest twisting 
moment will be found between the driving pulley and 
the power pulley next adjoining that pulley; but the 
bending or twisting strain may be divided at the driv- 
ing pulley by a portion of the stress being delivered to 
pulleys on either side of the drive pulley. 

The twisting momentj or torsional stress, is purely a 
shearing stress, as illustrated in a flange coupling, where 
the strain tends to shear off the coupling bolts. This 
stress is resisted by the *' resisting moment," which 
should equal the sum of all the moments of shearing 
stresses about the axis of the shaft. *Let S = working 
torsional strength of the shaft material, d = diameter 
of shaft, n = number of revolutions per minute ; then 
the horsepower that any shaft is capable of transmit- 

Sd3n 

ting is H. P. := . This formula is based upon 

321000 

the assumption that where M = twisting moment, 
0.1963 S X d3 = M. 

The bending moment of a shaft is figured exactly as 
that of a beam, and the weight of the shaft itself con- 
stitutes a uniform load, while the weights of the pul- 
leys, and pull of the belts constitute position loads, and 
should be figured accordingly when calculating the 
diameter of a shaft required for a given location. The 
stretch of a shaft depends upon the modulus of elasticity 
of the material from which it is made. Table 16 gives 
the modulus (or coefficient) of elasticity of four mate- 
rials with which the millwright is brought most inti 
mateJj^ in contact: 
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TABLE 16 

Material. Modulus. 

Steel 30,000,000 lbs. persq. in. 

Wrought iron 27,500,000 '' 

Cast iron 15,000,000 '' 

Timber 1,800,000 '' 

Problem: What will be the stretch of a steel rod 

20 ft. long, and %-in. in diameter, loaded with 5,000 lbs. 

pull? 

PL 

Solution : D = , in which D = stretch of rod ; 

SE 

P == pull, L = length, S = sectional area of rod, E = 
modulus of elasticity for steel. The length L is to be 
expressed in inches as follows : L = 20 X 12 = 240 
inches, also the sectional area which is 0.6 inches then. 

5,000 X 240 

= 0.0667 inches, which is the stretch of 

0.6 X 30,000,000 

the rod under the given conditions. The same rule ap- 
plies to the torsion of shafts, and the moduli of elas- 
ticity for shear are about two-fifths of the standard 
moduli, as for instance, for steel, 11,000,000 lbs. ; for 
wrought iron, 10,000,000 lbs. ; and for cast iron, 6,000,- 
000 lbs. Let E^ represent the modulus of elasticity for 
shear, the angle a, through which a shaft 2 in. in diam- 
eter and 20 feet long will be twisted, is found as fol- 
lows : using the same formula in which the symbols have 
a similar meaning, S in this case being 10031, and n 

Sd3n 

200, we have H. P. — = 50 horsepower, and 

321000 
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584 TL 36,800,000 H.P.L. 

El d3 El d^ n 

36,800,000 X 50 X 240 

• = 12V^ degrees. 

11,000,000 X 16 X 200 

The number of degrees that this shaft could be 
twisted with safety is 4. Therefore it is evident from 
the above calculation that 50 H. P. is an overload, and 
that the strain should be reduced, or a larger shaft be 
put in. Taking 4 as the permissible number of de- 
grees the shaft may twist, the safe load is found as 
follows: the shaft is 240 -r- 2 = 120 diameters in length, 
and 120 -^ 4 = 30 H. P. as the safe load. 

It is evident from the above that the safe length of 
a shaft depends upon its diameter, the number of pul- 
leys it is to carry, and the manner in which the shaft 
bearings are arranged. The shafting is delivered by the 
manufacturer in various lengths up to 40 feet, and it 
is not good policy to have the several lengths which go 
to make up a line shaft too long for convenience in 
handling. Lengths of shafts which, when loaded with 
their pulleys and gears, will bend under their own 
weight when hjing up from two points, are too long to 
be handled with safety. 

In the designing of a line of shafting, this matter 
should receive attention, and a .sufficient number of 
couplings be placed to keep the lengths to such dimen- 
sions that they may be conveniently handled when the 
pulleys and gears have been put in place. 

Shaft Drawings, — The millwright should be able to 
make scale drawings of the various main and inter- 
mediate lines oi shafting. These drawings may \i^ tcv^Si^ 
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on a scale of ^ inch, or 1 inch to the foot, the latter 
scale to be used when there are many pulleys or gear 
wheels on a shaft. The dimensions of the drawings 
should be about 24x36 inches, and several shafts can 
be placed on the same sheet. The shaft manufacturer 
requires a drawing that shows plainly each and every 
part that is to go on the shaft, and its exact location. 

Fig. 66 is a reproduction of a drawing for the main- 
line shaft of a shop equipped with a 125 II. P. engine 
belted to the 60 x 20-inch pulley shown near the middle 
of the shaft. The engine shaft is roughly located at 
[1]. The line shaft is indicated by [2], and the draw- 
ing is marked *' [2] Main Shaft a, b, c, 200 R. P. M." 
The number in the brackets refers to the corresponding 
number on other drawings of the building which may 
chance to show the main-line shaft. It is also found in 
the different lists of parts, as will be seen. First at 
bottom comes the dimension over all line, showing the 
total length of the shaft. The second line gives the 
exact distances apart (center to center) of the bearings, 
a good guide for the millwright when erecting the bridge 
trees. The fifth line from the bottom, which- is also the 
second from the shaft, gives the dimensions from each 
pulley center to ends of shaft, to centers of bearings, 
and these dimensions having been obtained by scaling 
the drawing with great accuracy, serve as a chfeek by 
which each of the other lines of dimensions may be 
verified. The dimensions in the other lines are obtained 
from this line. A beginning should be made at the end 
of the shaft most convenient, and the bearing nearest 
to that end is marked I on the drawing. 

The next bearing is marked II, and the others III, 
IV, etc., to the other end of the shaft. The end of the 
shaft next to bearing I should always be taken as a 
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-uiit 5tii«»* v:niFfl» 2i2ir^ in. itimis ir "rnpf 3«<r»Te«i 
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tat*- -,#*arr!:ir ^'*5i'-!^ l:zii*i dii izircais' 'w. 
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rlz.. tfa^ -w-IirrLe* r^Ari iin iLe Lin-r ,M'i2?*5fciait widi the 
ettd of zhr \L2ifr^ 

Tr.fr rr>r;2:A-Tr«rTr/ri:*j» :ir*r 'r!:?iTir.^-rti 5ii Th5> rr.anner and 
th*; dl.<*Ar.''r<s riit-^r^i ^ th-rir prrr-^r plai^esw until the 
^>thf:T ^.d of the ^r^fz is resich-r^i The tostai length, or 
^y/^^-alJ d.Tri^r..vIon of the shaft is foond to be 42 ft., 
wh\f:\t IS entered between the rwo last witness marks. 
The millwright thas has before him at a glance, and 
without any adding of other dimensions, the over-all 
fViffifimifmH of the shaft, and in order to obtain the dis- 
iiififjm \)*'Xy,'fMn centers of pulleys, or from centers of 
piilleyH HU(\ e^fnters of bearings, in fact, any local di- 
uu'UHUfUH on the shaft, all that is required is to sub- 
inu'i frttffi eaeh other the sealed dimensions of the two 
local fioinU hh they appear on the over-all dimensions 
lifM', Mfid the result is the distance between the two 
poinlN. 

Am nn rfxamplo, suppose it is desired to obtain 
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t^^e distance between bearings I and II; upon this 

Jiiie, near the center line of bearing I appears the no- 

ta-tion, 2 feet 6 inches, and near bearing II appears 

1C> feet 10 inches. Deducting the former from the lat- 

tsi^ leaves a remainder of 8 feet 4 inches, which is the 

required distance between the centers of the two bear- 

^^gs. In this manner the local distance between any 

^^o points on the shaft may be easily ascertained. The 

^^iie of dimensions nearest to the shaft as it appears 

^^1 Fig. 66 has upon it a row of figures for guidance in 

cutting the key-ways. This line is for the special use 

of the machinist, and when the correct dimensions are 

placed upon it and strictly adhered to in the work, very 

little trouble will be experienced in placing the pulleys. 

In the drawing these key-way dimensions are either tied 

to the end of each piece of shaft, or to each other, and 

in laying out the splining, work can be started at one 

end and prosecuted as far as dimensions appear; when 

it can be started at the other end and completed. 

Again referring to Fig. 66^ it will be noticed that at 
the top there is a list containing names, dimensions, and 
descriptions of each and every piece of machinery to be 
placed upon the shaft. If any particular piece has a 
connection with other shafting a notation is also made 
of this. In assembling a shaft a drawing of this char- 
acter will be found to be of inestimable service. Bv ref- 

ft/ 

erence to this list the erector can see at a glance a de- 
scription of each part. For instance take the pulley 
located near pillow block III; the notation on the 
drawing, ' opposite this pulley is, 1 pulley 36''xl2''x- 
4 7/16'' F, K, S, and K, 18'' long, which being inter- 
preted, means that the pulley is 36 inches in diameter, 
12 inches face and the hub is bored 4 7/16 inches, flat 
faced, key-seated and key to be 18 inches \oiig. 
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Where the letters C, S, S, oecurr, the pulley is to be 
crown faced, set screwed. The pillow-blocks are marked 
B and S, R, 0, thus indicating that they are ball and 
socket, ring or chain oiling, as the ease may be. In order 
to distinguish these from the solid bearings, the latter 
are simply marked 1 pillow block, or solid flat box. 
It will thus be seen that by reference to the drawing 
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the workman need never to be in doubt concerning the 
correct location of any particular part. 

Compression Couplings. — P'igs. 67 and 68 show two 
kinds of eomprcRsion couplings. Thi' coupling shown 
in Fig. 67 is without doubt the most reliable. The 
alternate bolt arrangement in this coupling wliile it 
securely holds the p«rts togctlier, at the same time per- 
mits of greater latitude in the twisting of the shaft 
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when placed under heavy strain. In fact, with a 
coupling of this character properly made, and placed, 
the probabilities are that the shaft would be twisted 
in two at some other point before the coupling would 
slip. But with an arrangement of bolts similar to that 
shown in Fig. 68, a coupling frequently lets go*, due 
to the fact that the rings which clamp the heel and 
toe of the split compression cone are not connected to- 
gether as in Fig. 67, but the heel rings or coflars are 
simply connected to each other, likewise the two toe 
collars. It will thus be seen that the pressures are not 
equalized as they are by the arrangement shown in 
Fig. 67. 

In the drawing, Fig. 66, it will be noted that one 
compression coupling, and one flange coupling are 
shown. This is for the purpose of illustrating the two 
methods of connecting the sections of shaft. In practice 
it is customary to have the couplings all of one type. 
Eeferring to Fig. 66, the flange coupling will be found 
near pillow block IV, and a compression coupling is 
shown between pillow blocks II and III. 

Horse Power of Shafting. — Table 17 will be found 
a valuable aid in ascertaining the horse power of shaft- 
ing of various dimensions, and running under differ- 
ent conditions. It shows at a glance the horse power 
that the shaft will transmit when running at various 
speeds. 

Table 18 gives the dimensions of keys and thrust col- 
lars, and should be used in connection with the draw- 
ings at top in which the lettering corresponds with that 
of table 18. 
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Erection of Sh-afting! — ^^Vhen it is necessary to erect 
piers for supporting a line of shafting, whether the 
piers be of concrete, stone, or brick, one point should 
never be lost sight of, viz: that in addition to the dead 
weight of the shafting and pulleys, there will also be 
the strains caused by the pull of the belts, some in 
one direction and some in another, and these strains do 
not come on all the piers alike, some being called upon 
to withstand more than others. Therefore, the proper 
thing to do is to design each pier with a view to the 
strain that is likely to come upon it. For instance, let 
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PIG. 70. 

REDUCING PULLEY SPEED IN SEVERAL STEPS. 

Fig. 71 represent a line of shafting located 6 ft. above 
the floor line, and it is required to ascertain the dimen- 
sions and shape of each of the several piers, marked I, 
II, III, V and VI. 

For present purposes the length of the shaft is as- 
sumed to be 34 ft., and the diameter is 34f inches. 
The weight of the shaft and pulleys being known, it re- 
mains to ascertain the strains that will result from the 
pull of the belts. 

It is customary to limit the force of this pull to 400 
lbs. per inch \^idth of belt, and by reference to Fig. 
71, it w\]] be seen that there is a pulley D in close 
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proximity to pier VI. The width of the belt running 
over this pulley is 14 inches. There will therefore be 
400 X 14 = 5600 lbs. exerted in a horizontal direction 
at a height of 6 feet from the floor line, illustrated at a, 
Pig 72. Should it be necessary to go to a depth of 4 
feet in order to secure a suitable bearing soil for the 
foot of the pieir, the force of 5,600 lbs. would be exerted 
through a lever 6 + 4 =10 feet in length, and as the 




FIG. 71. 

SHAFT SUPFOBTING FIEBS. 
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FIG. 72. 

BELT PULL ON SHAFT SUPFOBTING PIEBS. 

force in pounds applied at the end of a lever multiplied 
by the length of the lever in feet reduces the leverage 
to foot pounds of statical moment, the moment of the 
force of 5600 lbs. will be 5600 X 10 = 56000 lbs. 

To resist this force, two factors are to be considered; 
first, weight of the pier, and second length of founda- 
tion at bottom. This is illustrated in Fig. 73 to which 
reference is now made. If the foundation there shown 



was only one foot in length at its base and weighed 
56000 lbs., it would just balance the pull of the belt, 
and if it were made two feet long, as from d to £ for 
instance, its weight could be reduced one-half, or 
56.000 -i-2 — 28,000 lbs. and it would still balance the 
belt pull, provided the weight could all be applied at 
d, which cannot be done because the weight (28000 
Iba.) is distributed over the whole area of the basi 
tending to point f. which is in fact the fulcrum. 







For this reason the actual holding dowTi weight or 
power of the pier in its present form is only one-half 
what it appears to be. and it becomes necessary to in- 
crease its length to point g. Pig. 73, thus making it 4 
feet in lengtli at right angles to the shaft and an ef- 
fective weight of 28000 lbs. 

The width of the pier parallel with the shaft depends 
upon the nature of the soil or footing, and the total 
weight required. The figures given above merely show 
the net weight required to balance the pull of the belt 
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on pier VI (Fig. 71), assuming this pull to be exerted 
at a, Fig. 73, but as pulley D is 4 feet in diameter, 
there should be one-half of this diameter added to the 
length of the lever, making it 12 instead of 10 feet, in 
length, and with a moment equal to 5600 X 12 = 67200 
lbs., and the actual holding down weight required from 
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ECONOMY OF REINFORCED CONCRETE. 

d to g will be 67,200 -^ 2 = 33,600 lbs. From this may 
be deducted the combined weights of: 

7 feet of shaft, 3^f inches in diam 288 lbs. 

The pillow block 100 lbs. 

Four bolts 25 lbs. 

1 Pulley 48 x 15 inches 550 lbs. 

30 feet of 14 inch 6 ply belt 140 lbs. 



Total 1103 lbs. 

The weight of masonry necessary will then be 
33600 — 1103 = 32497 lbs. The weight of the material 
to be used will range from 140 lbs. per cu. ft. for 
brick w^rk, to 160 lbs. per cu. ft. for concrete. If the 
pier be built of brick, there will be required 32497 -f- - 
140 = 232 cu. feet of masonry. As the pier is to b^ 
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10 feet high, it is obvious that the eross-sectional area 
must be 232 ~- 10 = 23.2, and if the pier is to be made 
4 feet long, its width must be about 5 feet 10 inches, or 
wider than it is long. 

It is obvious that the above noted dimjensions are not 
very suitable for the pier in question. 'Therefore, the 
length may be increased to 8 feet, which will double the 




LAC aCKKIKKO ID 4'XK. 




JOr^AUG t B3~TO BSSM&f. SOCKETS'- 

■mesr. xas-n. ikcn n A-'- is-Jtr: an c etmrgy 
-Alto H Ano r Ra..ArtM:M£o at Airrr 



FIG. 75. 



turning resistance, while at the same time the holding 
down weight may again be reduced one-half or 33600 ~ 
2 = 16800 lbs. Deducting the weight of shaft, pulley, 
etc., from this, will leave 16,800 — 1,103 = 15,697 lbs. of 
masonry required, equal to 15697 ^ 140 = 112 cu. feet. 
If the pier be made 8 feet in length at the foot, and 
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tapering to 4 feet in length at the top, the average 
length would be 6 feet, giving a surface area of 
10 X 6 ^= 60 square feet, and as 112 eu. feet of masonry 
are required, the width should be 112 -^ 60 = 1 5/6 feet 
or say 2 feet. 






nr^ 



^ 

FIG. 70. 

The foot of the pier has an area of 8 X 2 =16 sq. 
feet, and as the load is about 8 tona, there will be one- 
half ton per sq. foot which is a safe load without any 
extension of footing. 

Both side and end elevation are outlined in Fig. 




73. . Another type of pier may be constructed as shown 
in Pig. 74, in which the quantity of masonry is re- 
duced from 112 to 6 cubic feet. In this form of con- 
Btmction, the bearing for the 67,200-pound thrust mo- 
ment 12 inches above the bottom of the foimdation is 



carried 10 fuet away toward b, ami insteaii of having j 
been able tu divide the thrust moment by i, as in Fig... 
73, we are now able to divide it directly by 10, the foot- 
ing at b, and intermediate between b and c being sufli- J 
cient to absorb the pressure. 

The division by 10 allows the belt pull to be balanced 4 
by a masonry load of 6720 pounds, and deducting the I 
shaft-load of 1103 pounds there remains only 5617 J 
pounds weight of masonry necessary, or a trtfle more'] 
than 40 cubic feet for the pillar g, e. 

The cross section will now be 40-^-10^4 sq. feet,.' 
which corresponds tu its bting 4 feet long and 12 inch^ 




thick. This takes no account of the brace that ex- 
tends to b, more than half of which in weight is ac- 
countable as being attached to g, e, thereby increasing 
the resistance of the pier. There is also the holding 
power of the soil which may be taken into account if 
necessary. 

In order to give the required strength to withstand 
the transverse or breaking strain due to the pull of the 
belt, the pier is reinforced with steel bars placed aa 
shown at a, a, a, a, Fig. 74. The strength of steel nee- i 
essary at any point between b and c may be found by I 
considering its distance from c as the length of a lever I 
which is to be divided into the moment — 67,200. Thus j 
at a point 6 feet from c, toward b. the load will be^ 
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67,200 -e- 6 ^:r 11,200 pounds, which may be considered 
as transverse strain tending to break the brace founda- 
tion at a point 6 feet from c. 



ATTACHING SHAFTING AND MACHINERY IN 
REINFORCED CONCRETE BUILDINGS. 

The following very able discussion of this most im- 
portant subject is presented by Wm. M. Bailey, M. A. M. 




FIG 79 
Soc. C. E., and Chief Engineer, Eastern Concrete Con- 
struction Co., Boston, Mass.: 

The manner of attaching shaft hangers, pipes and 
machinery to beams and floors in a factory or mill build- 
ing of the reinforced concrete type, is a detail of con- 
siderable importance, so much so in fact, that' often 
if no satisfactory scheme is explained to the owner, he 
will not consider the use of reinforced concrete beams 
in his proposed building. In the ordinary mill eon- 
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atrueted factory with wooden or steel floor beams, there 
is no special difficulty in attaching hangers for shaft- 
ing and pipes, or fastening machinery to the beams and 
floors in any desired location without any previous 
plans necessary and at a minimum cost But in a 
concrete building the conditions are entirely different, 
and it is much better to adopt some scheme for the 
installation of the machinery piping etc before the 
building is constructed if we wish to obtain the best 
results in all respects. 



k^ 



Shaft Hanger Suppot ts — Appliances for e<Hiven- 
iently supporting hangers for pipes and shafting, and 
for supporting motors and other machiner-v from the 
beams and ceiling, probably reijuire more previous plan- 
ning and careful selection than is necessary for other 
phases of this subject. The method recommended by the 
engineer and adopted for use with this type of build- 
ing, should be one designed to best meet all the require- 
ments so far as can be known of the building and its 
later equipment. It should be inexpensive, compact and 
simple in fonn, with not too mnny separate parts, and 
as flexible as pos.siblp to ancommoihite future changes 
in the line of shafting, additions or improved machin- 
ery, etc. 
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One of the most common methods employed, is to 
attach a hard pine timber to the under side of the con- 
crete beam. This may be in any desin'd length, to 
which the shaft hangers are bolted or lag-screwed in 
their exact position, as is shown in Fig. 75. The tim- 
ber can be secured to the bottom of the beams by bolta 




built into the concrete about 4 ft. on centers with a 
projecting threaded end and mit b{;low, or by the use of 
sockets, insertii, sleeves and washer nuts imbedded in 
the concrete, into which the timber pieces are after- 
wards fastened. If the bolts are used, care should be 
taken to set and keep them vertical, also have them 
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thoroughly anohored into the upper part of the beam 

Fig. 76 illustrates the long bolts with saddles aiid 
(.'heck nuts tn hold them in position, whioh ia quite ( 
sential. It is SL-ldom that all the bolts projecting froi^ 
the bottom of the beam are made use of and where notB 
used they present an unsightly appearance, hence sock- 
ets or sleeves and washer nuts are off«n preferable. 
These ean be kejit in eorreet position with less trouble, , 

ftNGLn SLOT MANGER 





FIR. S2. 



at about the same cost and surely make a neater look-,| 
ing job. 

In Fig. 77 we have shown the Unit socket, the well 
known insert for concrete work. This device serves also 
as a support and spacer for the beam rods, keeping 
them all properly spaced from each other and from thej 
beam box or centering. 

Fig. 78 represents a socket sometimes used. It i 
made of a short piece of wrought iron pipe tapped c 
on the inside to receive a lag screw or bolt. Holes ar? 
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ir th( top through whith b '4 im-h nid or 
placpil nhiLh hliould extend wlU up into thi' 
uni-rete. The socket itself is temporarily held in posi- 
ion before the eonerete is placed by setting it over a 

PIPE ^LOT HANGER 



drilled 
stirrup 





I 



ideu plug nailed to thu centering. The stirrups are 
riot easily kept in .in upright puhitiun. For this rea- 
son, this socket is not altogether satisfactory. 

The socket Khm^-n m Piir T) is nidde of ea.st, or nial- 




FIG. 84. 



leable iron, with a flanged top which serves to anchor 
it into the concrete. A vertical stirrup should be used 
with this socket if it is placed in a beam, and is in- . 
tended to support much load, If used as shown in Pig. | 



L tended to 



J k^ 
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79, it also acts aa a support for the rods. The Bige- 
low socket shown in Fig. 80 can be made use of for al- 
most all supports in reinforced concrete work. 

It is a malleable casting made in many sizes, can be 




anchored as securely in the concrete as may be neces- 
sary by the use of stirrups, and is moFe or less adjust- 
able. Another form of adjustable sockets or inserts 
for use in beams principally is shown in Pig. 81. These 




castings are made in convenient lengths, and are set 
on the forms for centering before the eoncrcte is placed. 
The slot in the bottom imikes it possible to place 
hangers, or bolts at any de.sired location along the 
length of the insert. Fig, 73 illustrates the use of large 
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washer nuts imbedded in the upper part of the con- 
crete beam, usually about 4 feet on centers. These are 
temporarily held in position by a thin iron tube rest- 
ing on the centering, and by a bolt projecting through 
the hole in the bottom of the beam box. The washer 
nut is tightened down to the top of the tube which 
secures it firmly in an upright position. When the 
beam boxes or centering are taken doHTi, the bolts are 
easily unscrewed from the nuts, thus leaving a clear 




passage through the concrete to the nut above, to which 
can be attached timber, or iron stringer onto which the 
shaft hangers can be fastened in the ordinary manner. 
Pigs._ 82 and 83 illustrate two other methods used for 
attaching shaft hangers and machinery to beams. With 
either of these schemes the shaft hangers or other fit- 
tings may be bolted or clamped to the concrete struc- 
ture without the use oi wood timbers, or iron \)o\s\ftTa, 
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if so desired. The method shown in Fig. 82 is one thd| 
ivas adopted by the United Shoe Machinery Company, 
in its extensive shops at Beverly, Mass. 

-Vnotber method is suggestBd in Fig, 84, which may 
be made a strong and serviceable support for motors 
and other machinery. Other systems are shown in Figs. 
Hii and 86. When a bolt is used through the beam near 
Ihe top, a metal .-ileeve having a wooden core is ton- 






ereted around to form the hole. These openings also 
permit the passage of pipes and wirey. 

Lai^e boles left in certain parts of beams and gir- 
ders might cause weakness in the compressive side of 
the member. In such cases, an iron pipe sleeve of suffi- 
cient thickness should be used. It is rather diftieidt \i> 
always locate the holes through the beams during con- 
struction, so as to conform exactly with future changes. 
Therefore, the system using the booked hanger holt 
infiide the beam is the most satisfactory. If the holes 
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for the hook bolts are cut with a pneumatic drill, it 

^'an be done at a nominal cost. 

Wires and Sprinkhr Supports, — Blocks of wood are 
often set in the under side of concrete slabs to which 
are fastened wires, and small sized pipes, and wire 
conduits. This is not considered a suitable, or perma- 
nent support. It is much better practice to use either 
expansion bolts, or else locate, and place adjustable 
sockets, and inserts in the concrete work. 
^ Often the conduits for wires are placed on the cen- 

. tering and imbedded in the concrete slabs. If the 
pipes are not too large, and are located with due re- 



1^ 
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% 
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FIG. 80. 

STATION BOD. 



Rard to the reinforcing metal, there is no objection to 
this method. Piping for sprinklers i.s generally planned 
before the concrete work is started. It is therefore a 
simple matter to place inserts, or sockets where needed 
in the concrete work, to which the pipes can be readily 
attached later on. 

Machinery Supports. — Large Machines with heavy 
bases setting on the floor, seldom require any special 
fastenings. It is usually sufficient to thoroughly grout 
with Portland cement, the base of the machine to thc^ 
concrete floor. Small machines may be fastened di- 
rectly to the concrete by expansion bolts, or sira^ilar 



methods, after the floors are conereted, the cost of driU^-l 
iflg for these fastenings being but a small item of ezrfl 
pense. Sometimes, however, it may be necessary to* 
bolt through the door in order to hold certain : 
chines rigidly. If through bolts are required, the holes 
should, if possible, be located before the floor is con- 
creted; otherwise in cutting these holes through the 
floor, reinforcing bars are liable to be encoimtered. 




which would cause more or less trouble, and might lead 
tn wrious difficulty if cut off. In most eases machiii- 
fry nina better, and lasts longer if placed on solid foun- 
tldtuwis, and reinforced concrete floors' are admirably 
lttlM)tt^ for machine shops. There are, however, excep- 
Ww<(M^ cflflcs where machines seem to require more 
v# Kv» "irive" on their bases in order to be most -satis- 
ftifttwv in working and endurance. This is particularly 
fVW W'ftll wrtHiii textile machinery, and where a cush- 
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ion is required a wood finished floor can be laid, or 
wooden timbers or bolsters can be fastened to the con- 
crete flooring. It has also been suggested to use sheet 
cork or linoleum carpet under the base of machines in 
order to give elasticity of movement and also lessen the 
noise of running niachinery. 

Lining Out, and Leveling for Shafting, — ^When the 
bridge-trees have been placed according to the draw- 
ing, a line should be stretched either above, or below the 
timbers, beams or piers, that are to form the support for 
the shaft, and parallel with the line to which the work 
is to be done. If when surveying for the foundations of 
the buildings, permanents stations have been established, 
it will be an easy matter to work from these stations and 
transfer a line from them to the bridge-trees, using a 
station rod, Fig. 89, in connection with the transit. 

If two station stones have been located directly under 
the center of the shaft, proceed in the following man- 
ner: Set up the transit over one stone, and from this 
point pick up the center mark on the other station stone. 
Now have an assistant place a pencil on the edge of 
one of the bridge-trees, then sight to the bridge-tree 
with the telescope, directing the movement of the pen- 
cil in one or another until it is cut by the cross-hairs 
of the transit, then have the assistant mark the spot 
thus located and one point in the' shaft line will be lo- 
cated. Proceed in this manner to mark each bridge- 
tree, after which the pillow blocks may be located di- 
rectly to the center marks which have been made. Some 
workmen prefer to stretch a line from which to work, 
instead of working directly to transit-given marks on 
each bridge-tree. In such cases all that is necessary is 
to mark the first, and the last timber or pier, and then 
stretch a line fair with these two marks. 



If station stones have not been, provided for eacS^ 

shaft, and it is neoessary to work from a line some dis-* 
tanee at one side, then set up the transit on the line in 
question, locate one end of the shaft line ahout where it 
should come, then set the station-rod. Fig. 89, with the 
scratch point g upon the shaft center mark on the first 
bridge-tree. Bring the sliding head of the rod to bear 
(in the cross-hairs, then elamp the rod and carry it to the 
other end of the shaft line. Here place the rod horizon- 
tally as before and at right angles to the line of sight 




(this must also be done at the first station), and move 
the rod until the head intercepts the line of sight. While 
the rod is in this position, make a mark on the bridge- 
tree with the scratch point in the rod, and this mark will 
be in the desired shaft line. 

The points thus found may be carried up or down by 'j 
means of a plumb-line or a spirit-level. A good way to \ 
get the marks to the desired vertical height is to nail 
a bit of board in a vertical position upon the marka on 
the bridge-trees. Then a line may be stretched at the de- 



red height. The line thus stretched may he used as a 

(center from which to lay out on either side the distancti 

V bridge-tree is to be boxed down to receive the pillow- 

Haviiig established a eenter line of direction for the 
■«hafl, the next move is to level from one bridge-tree to 
Jthe next and so on, until each one is aeem-ately marked 




FIG, !>2. 



r the depth of cut required for the pillow blocks. This 
be done with the straight-edge and carpenter's 
JVel or with the telescope level. A sight may be taken 
, either above or below the bridge-trees and meas- 
rementK taken from this line to the cutting level on 
1 bridge-tree. The preceding remarks apply mainly 
» eases where the shaft is to be supported upon timber 
!ama. posts, or girders. The same methods are tc 
piratied in lining out, or leveling for shafting .suppoi 
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iipon '-nncrete or steel construction, with the exceptio 
that the material to be dealt with is different. 

Various methotiH of attaching shaft hangers, andfi 
brackets to reiiifon-ed eontTPte construction have al-] 
ready been described and illustrated. In eases where 
it is neeessary to put up shafting nu old concrete work,] 
either in making i-haiiges. or in fitting up buildings not I 
originally intended for mill work, the hangers must be'| 




bolted to the concrete beams, necessitating the drilling 
of numerous holes in the concrete. 

Shaft Eangfrs and Floor Stands.— Figs. 90 and 91 
show designs for supporting shafting from the ceiling. 
Fig. 92 is an example of those suited to posts and col- 
umns, and Fig. 93, illustrates the Hunter floor stand. 
The difference in hangers will be found mostly in the 
methods of adjustment of the boxes, and the facilities 
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for lubrication. Any hanger that may be selected should 
have the proper distribution of metal to withstand any 
strain that may in ordinary service ^be brought to bear, 
without danger of breaking or springing. There must 
also be suitable adjustment in all directions for align- 
ing the shaft when it is being placed in position. The 
distance between hangers will of course vary with the 
size of the shafting, and the work that it is expected to 
do, as for instance the number of pulleys to be carried, 
and the amount of power that is to be transmitted by 
it, the arrangement of the machines to which the power 
is to be transmitted, and the speed of the shaft. 




FIG. IM. 

All shafting must be true to size and straight if good 
results are to be obtained, and in order that pulleys may 
be properly fitted, and when in place, will run true and 
accurately. The satisfaction that will be obtained from 
the use of shafting depends, to a large extent, on the 
arrangement of the machines which are driven from it. 
As a rule, shafting requires to be straightened after 
the key seats have been cut, and the couplings have been 
fitted on. 

Fig. 94 illustrates one method that may be used in 
the absence of a wheel press. The bend is placed on the 
steel rail, or other hard bearing, with the hollow side of 
the shaft uppermost, although it appears in the cut to 
be bent downwards due to the fact that one end has been 




I 
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loiidfd with the pulley b, aud other weights, while 
iither em\ in weighted with an old steel rail c. Enou) 
weight aliould be placed to bring the ends of the sha: 
about three inches below a horizontal line throught thj 
bearing a, and the ends of the shaft when not loadt 
With this temporary strain on the shaft, it may 
straightened by using a sledge hammer and the tool 
applied as shown at d. The end of tool e should 
made to fit the circle of the shaft, in order to previ 
the shaft being flatened or otherwise distorted b; 
the blows from the sledge hammer. In this man- 
ner the "short" or hollow side of the shaft may be 
elongated, but in order to determine just how much 
of this treatment is necessary, the shaft should frequent- 
ly be unloaded and revolved between centers, or other 
supports at the ends. By repeated and careful work in 
peening, the shaft may be accurately straightened by 
this method. 

Setting Up and Babbitting Journal Bearings.— 'WhUe 
on the subject of shaft erection, a space will be de- 
voted to the above very important matter. First, the 
pillow blocks should have solid bearings and rest firmly 
on their support. If in cutting in, the mistake has been 
made of cutting too deep for the bearing, the best remetly 
is to make the cut deep enough to allow of the placing 
of piece of board of standard thickness y^, % or "J^. 
inches as a base for the pillow block to rest upon. 
fore bolting it down, the pillow block casting should 
rubbed back and forth on its bearing to ascertain 
whether or not there are any high places on the sur- 
faces of the bearing, or the face of the casting. The 
bearing should be rubbed with blue or red chalk which 
will, when the two surfaces are brought together, clearly 
indicate the high places. 
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In boring or drilling the bolt holes, care should be 
exercised that they be bored fair with the holes in the 
casting. 

When preparing journal bearings, for babbitting, two 
very important points should not be overlooked, viz: 
to see that they are clean, and dry. All dirt, and dust 
should be thoroughly cleaned from the cavities in the 
castings, after which the casting should be dried by 
being placed over a forge fire, or if too heavy to be 
handled in this way, it may be dried by pouring a small 
quantity of gasoline into the spaces to be babbitted and 
then setting the fluid on fire. . This is in fact a better 
plan than drying over a fire for the reason that the 
gasoline will find its way into all the holes and small 
cavities, thus insuring a thorough drying. A very 
small quantity of water left in the space to be babbitted 
will cause lots of trouble when the hot metal is poured 
in. If the surfaces which are to receive the babbitt 
metal are heated to a temperature slightly lower than 
the melting point of the soft metal, the conditions for 
pouring the bearing may be considered as ideal. 

Table 20 gives the constituents of most of the promi- 
nent bearing metals as analyzed at the Pennsylvania 
Railroad laboratory at Altocma, Penn. 

Tlie practice of lining journal-boxes with a metal that 
is sufficiently fusible to be melted in a common ladle is 
not always so much for the purpose of securing anti- 
friction properties as for the convenience and cheapness 
of forming a i)erfect bearing in line w^ith the shaft 
without the necessity of boring them. Boxes that are 
bored, no matter how accurate, require great care in 
fitting and attaching them to the frame or other parts 
of a machine. 



BABBITTING JOURNAL BEARINGS 



163 



TABLE 20. 

BEARINGMETAL ALLOYS. 



'Trade Name of Alloy 


Copper 


Tin 


Lead 


Zinc 


Anlnno'y 


Iron. 


Camelia metal .... 


70 20 


4 22 


14 75 


10 20 




55 


Anti-fnction metal . 


. 1.60 


98 13 








trace 


White metal 






87 92 




12 08 




Car-brass hnmg 




trace 


84 87 




15 10 




Salgee anti-fnction. . 


4 01 


9 91 


1 15 


85 57 






* Graphite bcanng-metal 




14 38 


67 73 




16 73 




Antimonial lead 






80 69 




18 83 




'Carbon bronze 


75 47 


9 72 


14 57 








'Cornish bronze 


77 83 


9 60 


12 40 








Delta metal 


92 39 


2 37 


5 10 






07 


• Magnoha metal ... 






83 55 


trace 


16 45 


trace 


American Anti-fnction 














metal 


59 00 


2 16 


77 44 
31 


98 
38 40 


19 60 


65 


Tobin bronze 


0.11 


Graney bronze 


75 80 


9 20 


15 06 








Damascas bronze .... 


76 41 


10 60 


12 52 








• Manganese bronze 


90 52 


9 58 










•Ajax metal 


81 24 


10 98 


7 27 








Aati-friction metal. . . . 






88 3.2 




11 93 




Harrington bronze . .% 


55 73 


97 




42 76 




68 


Car-box metal 






84 33 


trace 


6 03 




» Phosphor bronze . . .• . 
•PRR "B" metal. , 


79 17 


10 22 


10 01 








76 80 


8 


15 00 








• Babbitt metal (parts) . 


1 


50 






5 




Babbitt metal light . . . 


1 8 


89 3 






8 9 




Babbitt metal best.... 


3 7 


88 9 






7 4 




»» Babbitt (parts) metal 














best 


4 


96 






8 




Another "babbitt" ... 


1 5 


45 5 


40 00 




16 




BrittanJA 


1 


85 7 




2 9 






Bnttania 




81 9 




1 9 


16.2 




Brittania 


2 


81 




1 


16 




Bnttania . 


4 


70 5 






25 5 




Bnttania .• 


10 
1 8 


22 
89 3 




6 


02 
7 1 




*' Plate pewter 




White metal bearings 














on German locomo- 














tives . . 


5 


85 






10 




French white metal 














h'd 


10 




65 




25 




French white medium 


5 5 


83 3 






11 2 




French white soft 




10 


70 




20. 




French white very soft 




12 


80 




8. 




English.— "Parsons- 


2 


86 


2 


27 


1 




English —"Richards- 


4 5 


70 


10 5 




15. 




English —"Babbitt" 


3 5 


55 


23 5 




18 




English — "Fenton's" 


5 


16 




79 






English —"French 
Navy ' 














7 


7 5 


7 


87 5 






English : — "German 
. Navy" . 














7 5 


85 






7 5 




Type metal, soft, to • 






83 




17 




Type metal, hard 






80 




20 




Ornamental castings 






r.n 6G 




33 33 




"Pattern metal 




10 


10 




2 





' Conlnins no Graphite. 'Coniainsa |K>ssible trace of carV>on. 'Trace nf zinc. Iron 
•nd Phosphorus. * Dr. H C. Torrey says this analysis is erroneous and thai Magnolia 
nielal always contains tin. ^Cont.tins no M.inganese. * Phos\»hoTus or N.T"icv\\c ^"iT. 

"Iihmuihl8. ''BiatnuthO. Brass 8. » . •» 



166 HANDBOOK POR MILLWRIGHTS 

It is not /good practice, however, to use the shaft for 
the purpose of casting the bearings, especially if the 
shaft be stool, for the reason that the hot metal is apt 
to spring it ; the better plan is to use a mandrel of the 
same size or a trifle larger for this purpose. For slow- 
running journals, where the load is moderate, almost any 
metal that may be conveniently melted, and will' run free 
will answer the purpose. For wearing properties, with 
a moderate speed, there is probably nothing superior to 
pure zinc, but when not combined with some other metal 
it shrinks so much in cooling that it cannot be held 
firmly in the recess, and soon works loose; and it lacks 
those anti-friction properties which are necessary in 
order to stand high speed. 

For line-shafting, and all work where the speed is 
not over 300 or 400 R. P. M., an -alloy of 8 parts zinc 
and 2 parts block-tin will not only wear longer than any 
composition of this class, but will successfully resist the 
force of a heavy load. The tin counteracts the shrink- 
age, so that the metal, if not overheated, wall firmly ad- 
here to the box imtil it is worn out. But this mixture 
does not possess sufficient anti-friction properties to 
warrant its use in fast- running journals. 

Among all the soft metals in use, there are none that 
possess greater anti-friction properties than pure lead; 
but lead alone is impracticable, for it is so soft that it 
cannot be retained in the recess. But when by any proc- 
ess lead can be sufficiently hardened to be retained in the 
boxes without materially injuring its anti-friction prop- 
erties, there is no metal that will wear longer in light, 
fast-running journals. With most of the best and most 
popular anti-friction metals in use and sold under the 
name of Babbitt metal, the basis is lead. 

Lead and antimony have the property of combining 
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With each other in all proportions without impairing the 
anti-friction properties of either. The antimony hard- 
ens the lead, and when mixed in the proportion of 80 
parts lead by weight with 20 j)arts antimony, no other 
known composition of metals possesses greater anti-fric- 
tion or wearing properties, or will stand a higher speed 
without heat or abrasion. It runs free in its melted state, 
has no shrinkage, and is better adapted to light high- 
speeded machinery than any other known metal. Care, 
however, should be exercised in using it, and it should 
never be heated beyond a temperature that will scorch 
a dry pine stick. 

Many diflPerent compositions are sold under the name 
of Babbitt metal. Some are good, but more are worth- 
less; while but very little genuine Babbitt metal is sold 
that is made strictly according to the original formula. 
Most of the metals sold under that name are the refuse 
of type-foundries and other smelting-works, melted and 
cast into fancy ingots with special brands, and sold 
under the name of Babbitt metal. 

It is difficult at the present time to determine the ex- 
act formulas used by the original Babbitt, the inventor 
of the recessed box, as a number of different formulas 
are given for that composition. Tin, copper, and anti- 
mony were the ingredients, and from the best sources 
of information the original proportions were as follows : 

Another writer gives : 

50 parts tin = 89.3% 83.3% 

2 parts copper = 3.6% 8.3% 

4 parts antimony = 7.1% 8.3% 

The copper was first melted, and the antimony added 
first and then about ten or fifteen pounds of tin, the 
whole kept at a dull-red heat and constantly stirred 
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nntil Iho iDotals were thoroughly iDcorporated. after 
wkich the balance of the tin was added, and after being 
tburoughlT stirred again, it was then cast into ingots. 
When the copper is thoroughly melted, and before the 
antimony is added, a handful of powdered charcoal 
should be thrown into the crucible to form a tlux, in 
order to eselude the air and prevent the antimony from 
%'aporizing: otherwise much of it will escape in the form 
of a vapor and consequently be wasted. This metal, 
when oarefoily prepared, is probably one of the best 
metals in use for lining hoses that are subjected to a 
• heaTT weight and wear; but for light fast^running joiir- 
t nals, the Clipper renders it more. susceptible to friction. 



and it is more liable to heat than the metal composed of 
lead and antimony in the proportions just given. 

Preparations for Pouring Babbitt Mcial. — Provide 
two pieces of shafting for mandrels of a length some- 
what longer than the bearing or box to be babbitted. 
One of these mandrels is to be turned to a size about 
a^ iu"h larger tlian the diameter of the sliaft, ami this 
is to be used for shaping the babbitt in pouring. 

The other mandrel should be of the same diameter as 
the shaft which is to nm in the bearing, and this man- 
drel is for use when scraping the babbitt metal to a 
bearing. 

If it is inconvenient to procure a piece of shafting 
iRrger in diameter than the. journal, the difficulty may be 
gittten over by placing a sheet of stroug smooth paper 



I 
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around the mandrel that is of the same diameter as the 
shaft and then pour the metal around it. 

The thickness of the paper around the mandrel, and 
the contraction of the soft metal when cooled will serve 
to relieve the journal from being pinched by the babbitt 
metal, which is liable to occur when the metal is poured 
directly around the journal. Two thin pieces of wood 
liners, one for each side of the box, should also be pre- 
pared, and they should be of about the thickness of the 
permanent liners to be used. One edge of these wooden 
liners is to be notched so as to allow the metal when 
poured from above to fill the lower box. 

These liners are placed between the cap and bottom 
half of the box with the shaft in a central position and 
the parts of the box clamped together. In case the box 
is secured together by means of bolts the outer edges of 
the liners mentioned are slotted to fit these bolts. Small 
wooden blocks, cut taper, are placed in each end of the 
box to maintain the shaft in a central position. The box 
is placed horizontally in a vise and the shaft centered by 
means of calipers, the shaft being moved by moving the 
wedges in or out as needed. After the shaft is correctly 
located, the ends of the box are stopped by means of 
putty, or any other convenient method which will pre- 
vent the hot babbitt from flowing out. A putty funnel 
is also built up about the hole into which the hot babbitt 
is to be poured. 

The babbitt is heated in any convenient way until it 
is fluid. Care should be taken, however, that it does not 
get too hot, for if it does its efficiency will be diminished. 
A good method of testing is to dip a piece of scft pine 
into the hot metal, and when it is just hot enough to 
char the wood the proper temperature has been reached. 
It is then poured into the box through the i\mxvd a\Y^^dLN 
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prepared, as rapidly as possible, as it quickly sets and 
if this condition occurs the box will be spoiled and must 
be cleaned and repoured. 

After the metal has set the sprue in the funnel is 
broken from the cap, the cap removed from the lower 
part of the box and the shafting removed. The babbitt 
should have formed a reasonably smooth surface, and 
be free from cold shots. In cold weather it is sometimes 
advisable to warm the shaft used as a mandrel. 

When the cap and the box are poured separately, the 
melted babbitt metal is usually poured into one side of 
the bearing and rises along the other side until the 
cavity is full. 

When pouring a bearing of this character, move the 
ladle from one end of the bearing to the other, causing 
the stream to traverse along the slot, thereby keeping the 
babbitt at approximately the same temperature in all 
parts of the bearing. When two ladles are used to pour 
from, it will be sufficient to pour into diagonally oppo- 
v<?ite corners of the bearing, and if both streams be poured 
quickly, the cavity will be filled before the metal be- 
comes too cold to flow to the comers. 

Oil-channels may be formed in the lining by means of 
a small, hard-spun cord wound arormd the mandrel in 
the direction that the shaft is to run. The cord should 
be rubbed smooth with putty before being placed upon 
the mandrel. 

Pouring Thin Solid Boxes. — It was stated above that 
the temperature of the alloy when poured should be just 
hi^h enough to slightly char a soft-wood stick. This is 
a general rule, and by following it the millwright will 
not go far astray on ordiiiaiy work. But there are ex- 
ceptions: when thin solid boxes must be poured, and 
ihotv is ii long narrow or t\v\iv space to be filled with soft 
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metal, then it is sometimes necessi^ry to pour the metal 
hotter than described. 

In such cases, the metals to come in contact with the 
soft metal should always be heated as much as possible 
before pouring in the lining. 

When a ladleful of metal fails to fill a box, ^d an- 
other ladleful is not at hand, do not try to fill the box 
by pouring hot metal on top of the cold, for it is very 
seldom that such a course results in a satisfactory bear- 
ing. Hot babbitt will not unite with or weld itself to 
cold babbitt by simply pouring one on top of the other ; 
therefore, should a man fail to fill a bearing when pour- 
ing in the lining, it is decidedly the best practice to take 





FIG. 96. 

down and chip out the partially filled bearing, set it up 
again, and pour from a supply sufficient to fill the bear- 
ing. 

Pouring Cold Boxes. — ^When babbitt or other lining 
metal is poured into a cold casting, the lining becomes 
chilled before the iron casting becomes heated; there- 
fore when the soft lining finally cools it shrinks away 
from the casting and becomes loase, and must be peened 
to make it tight in the journal bearing casting. Heating 
the box before pouring in the soft metal lining will pro- 
vent this looseness, as the iron casting then shrinks with 
the soft metal lining on cooling and holds it fast when 
cold. 

There is apother way of fastening a linm^ t\^\\lVv \\\\^^ 
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ii void casting imd that is by iwiiig iinc of the antimony 
alliij'8 ns a lining. Antimony, when alloyed with lead 
and with some other soft jnetals, loses the power iif 
shrinking ihiring the freezing process, and like water, 
t'xpands and fills the casting so tightly that there is no 
rattle or looseness. Therefore, when forced to line a 
cold bearing, use an antimony alloy. It is for this pur- 
pose that the antimony alloy is iised for casting printing 
type. The expansionj of the alloy during the instant of 
solidifying or freezing causes the metal to expand into 
every comer of the mold, thereby securing the extreme 
sharpness net^easary in printing type. The same is true 
with the antimony alloy in the journal hearing. 

Scraping a Bearing. — In order to obtain a good and 
reliable journal bearing the babbitt should, after cool- 
ing, he scraped and accurately fitted to the journal that 
is to nm in it, and for this work the mandrel previously 
referred to which has been turned to the same size as 
the shaft, is now covered with ultramarine, and placed 
in the lower half of the box, and revolved. Upon re- 
moving it the high spots in the babbitt wiU be plainly 
marked. 

There may be only two or three spots so marked at 
the first trial, but these indicate that the shaft touches 
the hearing only at those spots, and the metal should he 
removed at those points by scraping, after which the 
mandrel should again be placed in the hearing and re- 
volved. This time the shaft may touch in four or five 
places, as indicated by the markings. This prot.'ess 
should be repeated imtil the bearing .tpots appear prac- 
tically all over the surface of the babbitted box, when it 
may be assumed that the job is complete. 

Plumbago, or red lead mixed with oil may he used: 
on the mandrel for the marking in the absence of ultri 
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marine, and the mandrel should be rubbed with it each 
time it is tried in the bearing. The scraping is done 
with a tool, the usual form of which is shown in Fig. 95. 

This tool may be forged from any convenient bit of 
tool steel, or, as in the case of the tool illustrated, it may 
be made from a worn-out half-round file. The length of 
the file should be somewhat longer than that of the bear- 
ing to be scraped in order that the tool may be held 
easily by the hands, one end of the tool projecting past 
one end of the box while in use. 

To scrape a box, grasp the tool with the thumb and 
fingens of each hand, bring the sharp edge flat against 
the box lining and shave off the , projecting lumps and 
high spots. For small bearings, the scraper may be used 
w4th the round side against the soft metal lining; but 
when a bearing of large diameter is to be scraped, the 
flat side of the scraper may be laid against the work. 
For rapid work, the tool shown in Fig. 96 may be used 
to advantage. This tool is also made from an old file, 
but in this case the end of the file, not its side, is made 
to do the work. 

This tool is also a home-made affair, and almost any 
old flat file may be utilized for making it — something 
of an advantage when it is considered that the half- 
round file is seldom found around a plant, while the flat 
file is to be had for the picking up. But there is quite 
a knack in making the end scraper so that it will do fast 
work. There are two things which make this scraper 
either a good tool or an exceedingly bad one. These 
things are the angle at which the end of the tool is 
turned, and the level to which the cutting edge is ground. 
These things the millwright must experiment with and 
determine them for the work in hand. J 

The angle of the bend at a, Fig. 96, is approximately 
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75 degrees, and the bevel b is about 35 degrees with the 
bent-up portion, or about 40 degrees from the body of 
the tool. In using this scraper, the handle is usually 
lifted more or less out of parallel with the line of cut, 
which is, of course, lengthwise of the bearing ; hence the 
angle of 40 degrees may be reduced as much as is found 
necessary to keep the tool cutting smoothly. Should 
there be any indication of chatter, it is evidence that 
the tool is not held at the proper angle, which should be 
changed until the scraper cuts smoothly. As merely 




FIG. 97. 

SIX BALL BEARING. 

raising or lowering the hand changes the angle of cut, 
the change may be made instantly and without the 
necessity for grinding or honing. Every scraper should 
be kept ** razor sharp" when scraping is to be done, for 
good work cannot be done easily with dull scrapers. 

Ball' and Boiler-Bearings, — The great decrease in fric- 
tion of shaft and other journals by fitting them with 
ball- or roller-bearings is not only due to the replacing 
of sliding, by rolling friction, as many people suppose, 
for well lubricated journal-bearings have a coefficient 
pf friction of 0.09 to 0.15, while roller-bearings show 
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coefficients ranging from 0.01 to 0.03. There is another 
great cause of friction decrease on account of the roller- 
bearing, and that is: the latter fonn of bearing is in- 
dependent to a large extent of lubrication, and the fact 
of becoming dry does not increase the coefficient of fric- 
tion as it does with plain journal-bearings where sliding 
friction must be accounted for. 

Ball-bearings are equally efficient with roller-bearings, 
as friction reducers, but the great trouble with the ball- 
bearing is that there is not sufficient surface to carr>'^ the 
load, therefore the balls wear out much quicker than the 
rolls. Unfortunately, increasing the diameter of a ball- 
bearing does not increase its bearing surface as fast as 
it increases the inconvenience of using the larger sizes, 
hence the remedy must be looked for in some other di- 
rection. 

If a ball-bearing has its length increased to increase 
the bearing surface, then the ball thus treated becomes 
a roll, and the transformation into the roller-bearings 
is complete. Thus a roller-bearing may be considered a 
ball-bearing with elongated balls. When bearings are 
mounted upon balls, the aggregate bearing surface pre- 
sented by even a considerable number of balls is com- 
paratively slight, and a large amount of wear results in 
a short time, thus limiting the life of a ball-bearing to 
a very short period. Especially is this the case where 
heavy journals are in use. 

Roller-Bearings. — High grade roller-bearings are made 
by several concerns, but when bearings of this type are 
to be attached to a shaft, imless great care is taken that 
the race, or shell for the rolls is in exact line with the 
shaft, there will be unequal wear which will more thnn , 
counteract the saving in power by reduced friction. 

The surface of the shaft against which, tlve rollers b^a 



mnst he very smooth and true. It must be as perfectly 
I'ylindrical as is possible to make it, and the presence of 
lumps, holes, etc., can only go to add to the coefficient of 
friction. 

Once roller-bearings have been installed, good care 
should be taken of them. It is a mistake to suppose that 
a roller-bearing, once in place, will run forever without 
attention. The roller-bearing must be taken care of. It 
must be kept clean. As for lubrication, some people 
claim that lubrication is not necessary for roller-bear- 
ings, but any piece of machinery ever built, which will I 
run at all, will run better when well lubricated, and 1 
roller- bearings are no exception. 

Pin Bearings are a form of roller- bearing used to a 
considerable extent on push cars in ^Jse in factories and 
mills. These ears are intended to carry heavy loads, 
and are pushed about by hand on the floor, or on a track 
as needed. The pin bearings are made of plain short 
pieces of cold-rolled steel rod, cut to length, and inter- 
posed between the journal and housing of the bearing. 
Three important factors enter in the design of roller 
and pin bearings, viz., the diameter of the journal, the 
diameter of the rollers, and the number of rollers, 
case the millwright should be called upon to design a 
roller-bearing, or ball-bearing to fill a given housing 
upon a shaft whose diameter is known, he may be guided 
by the following rule and formula : Rule : the diameter 
of a circle through the center of the balls equals the 
diameter of a bull divided by the sine of the angle oc- 
cupied by one-half of the ball. The number of balls and 
diameter of shaft being known, what shall be the diam- 
eter of the balls ? 
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Let N =: number of balls, 
R = diameter of shaft, 

D =: diameter of circle through center of balls, 
d = diameter of balls, 
s = sine. 

Assume a journal one inch in diameter is to have a 
bearing of 6 balls fitted to it 

d 
then D = 



180* 
sine 

N 




FIG. 98. 

in which 180°, half the number of degrees in the entire 
circle, divided by 6, the number of balls, gives 30° filled 
by one of the balls in a half circle, which is equivalent 
to 12 balls in the whole circle, or one-half the angle filled 
by one ball. By looking in. a table of sines in an engi- 
neer's reference book, it will bo found that the sine of 
30 degrees is exactly 0.5, or one-half. The diameter of 
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the ball being 1 inch, and the diameter of the ball circle 
being d -^ 0.5, or i/^, it is evident that the ball circle is 
just twice the diameter of the ball; therefore the balls 
must be as large as the bearing in order to fill the con- 
ditions given as shown by Fig. 97. 

Should we have a, 2-inch bearing and a 3-inch housing 
and desire to ascertain the number of pins required to 
fill it, we may use the equation as follows, the layout 
being as shown by Fig. 98. As the housing is 1 inch 
larger than the shaft, the balls must be y2 inch in diam- 
eter (not allowing anything for clearance) iand the ball 
circle will be 2^^. inches. Hunting up all the numerical 
quantities that can be found, we obtain: 

D =: 2y2 inches, 
d = % inch. 
R := 2 inches. 

d 
Taking the formula D = and substituting the known 



180 
Sine 



o 



N 



.5 

numbers, we find that 2.5 = -. This reduces to : Sine of 

180° 

Sine 

N 
180 
= 0.2. Looking up 0.2 in a table of natural sines. 



N 

it is found that 0.2 = 11^/4 degrees, nearly. Then 180 -h 
11,5 = 15.65, nearly, therefore 13 \>\ns will go in, and 
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if they are a little smaller than i^-inch in order to give 
the necessary clearance, 16 pins may go into the hous- 
ing. In this manner, the millwright can find any of tlie 
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quantities pertaininf; to ball or roller bearings, providi 

a sufficient niinibtT of the points are given. 

Het Hollars. — Every shaft should be 6tted with two 
set collars, and these should preferably be placed at op- 
posite ends of the same hearing. It is the praetice of 
some to plaee one set collar at either end of a fihaft, but 
the two collars against the same pillow-block is prefer- 
able, BH it leaves hut one bearing to look to in case the 
shaft should develop too much end motion. In very long 
shafts, the variation in temperature has to be taken into 
account when end collars are used, but with both against 
the Bame bearing, and near the middle of the shaft, no. 
attention need bo given to temperature variations. 

Safety set collars should be used in every case, and no 
collar with a set-screw pro.jecting beyond the face of the 
collar should ever be tolerated. Collars are now gen- 
erally made with a thin flange at either end. the flanges 
being large enough to project farther than the head of 
the set-screw. In some eases it is possible to dispense 
with one set collar, due to the fact that one or more of 
the pulleys may come next the journal-bearing, thiw 
taking the plaee of a collar at that point. Counter- 
sliafts carrying loose pulleys should always have a set 
collar next the loose pulley opposite the tight pulley, 
and where a loose pulley comes near a journal box. a 
collar should be interposed between the box and the 
huh of the pulley to prevent pinching. 

Set collars should never be so placed upon a shaft as 
to prevent a certain amount of end play of the shaft. 
This applies especially to line shafting, and all other 
eases where a slight end motion can be allowed. There 
are, of foursp. many niaehincH, such as circidar saws 
fiml similar machines, where end motion cannot be per- 
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Electric generators and motors will run much bet- 
ter in every respect if they be given from 1/16 to 3/16 
inch end motion. The amount of end motion to be 
given to shafting and machines depends upon conditions 
and the kind of machinery, but the clearances given 
above will generally apply. 

Pressure Suitable for a Given Velocity of Journal. — 
When the product of the pressure multiplied by the 
velocity of a journal exceeds a certain limit there is 
danger of heating. The working pressure should there- 
fore be considerably less than that at which heating may 
commence. 

The cool-running pressure, and that under which bear- 
ings may become heated, also the pressure generally pro- 
ducing very hot bearings, may be determined by the fol- 
lowing rule: 

Let P =z the maximum pressure in pounds per square 
inch permissible on the horizontal bearing-surface of 
the journals of a horizontal shaft, with ordinary oiling. 

V =: the maximum permissive circumferential velocity 
of the journals of a shaft in feet per minute. 

C = A constant = 28,000, for cool bearings. 

C = 40,000, for considerably heated bearings. 

C = 50,000, for very hot bearings. 

The maximum pressure per square inch, P, allowable 
with ordinary oiling on the horizontal bearing-surface of 
the journals of a shaft is, P = C -^ V. 

Example — A shaft having journals of 4 inches diam- 
eter, makes 100 revolutions per minute. What should be 
the maximum pressure on the bearings, consistent with 
freedom from liability to heat? 

Then, the circumference of each journal of flie shaft 
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- 4 / 3 J416 = 12.5664 inches ^ 12 = lJ)4T2 fwt : and 
I .r>472 feet X 1 W = 10LT2 feet per minTite. the eireimi- 
f^rential vnlo-ity of eaeh joomaL of the shaft; and 
28/XjO h- 1M.72 =: 268 n». per square ineh. tibe maxi- 
mum presfmre allowable on the horizoatal bearmg:>siir- 
face of the journals. If the journals are 6 inches long", 
the horizontal area of bearin^-sor&ee ^ 4 X 6 =i 24 
<t^|uare inches ; and the bearing eapaeity of eaeh joomal 
i» = 24 X 268 = 6.4:52 lbs. 

Velocity of the Journals of a Shaft SuifaMe for a 
Given Preggure, — With ordinary oiling, the maximum 
f)ermi«8ible cireinnferential velocity in feet per minute 
of the journals of a horizontal shaft is T =r C -=- P, the 
notation being the same as in the preceding rule. 

Example — A shaft with journals of 5 inches diameter 
has a pressure of 200 lbs. per square inch on the bear- 
ings. What should be the maximum circumferential ve- 
locity of the journals consistent with freedom from 
liability of the bearings to heat? 

Then 28,000 -^ 200 = 140 feet, the maximum permis- 
sible circumferential velocity of the journals per minute. 
The circunifctrcnce of each journal of the shaft = 5 X 
3.1416 = 15.708 inches ~ 12 = 1.309 feet, and this shaft 
may make 140 -^- 1.309 = 107 revolutions per minute. 

Length of the Journals and Bearings of Shafts. — The 
length of the journals of shafts should be in proportion 
to the weight carried, and to the nature of the bearing- 
metal. Bearings of white metal, being softer, should be 
longer than those of bronze, in order to distribute the 
pressure over a greater surface. The following are good 
general proportions, in which D =z the diameter of the 
journal in inches. 
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TABLE 22.— LENGTH OF THE JOURNALS AND BEARINGS OF 
SHAFTS FOR VARIOUS LOADS AT A SPEED NOT EXCEED- 
ING 160 REVOLUTIONS PER MINUTE. 



Description of Bearins- 
Metal 



Length of Jonrnnl and Bearings in terms of 
the Diameter 



For very 
light 
Loads 



For liffht 
Loads 



For ordi- 
nary or 
medium 
Loads 



For heavy ^JLJf'y 
Loads I ^^^ 



Loads 



Bronze and gun-metal.. 

Brass , 

Antifriction white-metal . 
Cast-iron 



DXI.OO 
DXI.25 
DX2.00 
DX4.00 



Dxl.25 
Dxl.50 
DX2.50 
DX4.26 



Dxl.50 
DX2.00 
DX3.00 
DX4.50 



Dxl.75 
DX3.50 



Dxii.O 
DX4.0 



The length of the journals and bearings of the spindles 
or shafts of emery wheels, fans, and blowers may be =: 
D X 51/2 — 7. 

The length of the journals and bearings of the shafts 
of generators of electricity and other high-speed ma- 
chines, may generally be as given in the following table : 

TABLE 23.— LENGTH OF THE JOURNALS AND BEARINGS OF 

HIGH-SPEED MACHINES. 



Revolutions of the Shaft in Feet 


per Minute. 




1 
200 250 


300 


400 


500 


600 


800 1000 


D X 2.50 D X 2.75 D x 3.0 


D X 3.5 D X 4.0 D X 4.5 


Dx5.0 


Dx6.0 



Bearing Capacity of Journals. — The bearing-surface 
multiplied by the unit of pressure suitable for the par- 
ticular bearing gives the bearing capacity of the journal. 
For instance, the projected area, or horizontal bearing- 
surface, of a journal of 4 inches diameter, and 6 inches 
long, is 4 X 6 = 24 square inches ; and if a pressure of 
300 lbs. per square inch be assumed, the bearing capacity 
of the journal is 24 X 300 = 7,200 lbs. 

The length, L, in inches of the journal of a shaft is 
found as follows: 
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(Pressure on the bear-V /^ 
ing in pounds per |X| 
square inch / \ 



Bearing capacity of the journal in lbs. 
L = 
/Pressure on the bear-\ /width of the arc ol 

contact of the bear- 
ing in inches. 

The width, W, in inches of the arc of contact of the 
bearing Ls : 

Bearing capacity of the journal in lbs. 

Wru ^ 

l^ressure on the bearA /length of the bearing) 
ing in pounds per jx| in inches, 

square inch / \ 

The pressure, P, in lbs. per square inch on the pro- 
jected area of the shaft is: 

Bearing capacity of the journal in lbs. 

P=: 

'Length of the bearing\ /width of 
in inches |X| contact 

/ \ ing 

The usual pressure on various bearings of journals is 
given in Table 24. 

Average Pressure on Various Bearings. — The average 
lowest, highest, and mean pressures on bearings in prac- 
tice are generally as given in the following table: 

T\BLE 24.— PRESSURE OX THE REARIXGS OF THE JOURNALS 
* OF SHAFTS. CRAXK-PIXS, CROSSHEAD-PIXS, AND OTHER 
RFXRIXGS. MEASURED PER SOUARE IXCH OF THE HORI- 
ZONTAL DIAMETR.\L SECTION OF THE JOURNALS. 

Pressure in Pounds per Square 
Description Inch of the Hotlaontal Sec- 

tional Area of the Bearing 

Lowest. Highest. Average. 
BeariiiRS of the shaftinj? of factories, with 

couplings, but without pulleys..... 12 40 26 

Pcarinrs of the shaftinc: of factories, with 

couplings, and with an average number of 

puUcvs • • •. • • : •, .• • 30 100 65 

Rearinirs of second-motion shafts, and main- 
^.afting of factor-ies, with couplings, pulleys. 

and roothed-whcel gearing >0 -40 145 



)f the arc ofV 
: of the bear- I 
in inches. / 
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Final Alignment, — ^After the pulleys have all been 
firmly keyed in their several places, the couplings set 
and properly bolted, and all of the journal bearings have 
been properly babbitted and the caps of the boxes tight- 
ened solidly upon the liners or bottom castings, as the 
case may be, the next test should be one of final align- 
ment, not only for parallel lines of shafting, but pulley 
alignment also, in order that the belts when put on may 
run properly. 

In the first place the main line shaft with a length, 
say of 42 feet and a weight of several tons of pulleys, 
etc., should, if properly adjusted, revolve so easily that 
one-man power applied to the rim of the 60-inch main 
pulley would turn it. If it cannot be so turned, it is 
an indication of abnormal tightness somewhere along 
the line, and the bearings should be carefully gone over 
again and examined. Some of them may need thicker 
liners. In order to have the belts run true on the pul- 
leys of parallel shafting, it is absolutely necessary that 
the shafts shall not only lie level in their bearings, but 
the different lines be exactly parallel with each other, or 
at least as near so as it is possible to get them. This 
work may be done with the transit and station rod as 
already described, and in addition to this a great deal 
may be accomplished by the following-described method 
of pulley sighting. Two sights should be taken over 
every pulley, one sight for each, as shown in Fig. 99, to 
which reference is now made. Two pulleys, a and b, are 
to be connected by belt, and should run so true with 
each other that the belt will show alike on both.. From 
position c. Fig. 99, the pulleys appear to be exactly in 
line with each other, and at e the edge of the pulley b ^ 
coincides perfectly with the entire side of pulley a. Bu 
if the eye be directed toward the top of pulley b at i 



186 HANDBOOK FOR MILLWRIGHTS 

a portion of the rim of pulley b comes in sight. At the 
far side of the pulley there will be more of the rim 
seen, as at g, showing that while pulley a is in line with 
c, pulley b is not in line with pulley a, as may be proved 
by moving the eye to position d, which is in line with 
tlie opposite face of pulley b. 

When the conditions are met with as in Fig. 99. it is 
time to do a little investigating and see which shaft is 
out of line — or which pulley is not true upon its shaft. 
First, have an assistant revolve pulley (and shaft) a 
slowly while you continue to sight from c. If no varia- 
tion in the line of sight is observed at e, while pulley a 
revolves, it may be considered that pulley a is all right. 



^ 



ni 9 

H^ ^ 



FIG. 99. 

SIGHTING OVER PULLEYS. 



Next, have pulley b revolved slowly, while still looking 
from a. If no variation is observed at e, it may be as- 
sumed that pulley b is also truly fixed upon its shaft. 

But should there be observed any variation of side of 
pulley e as that pulley revolves, then try line of sight 
d, and have pulley b stopped when the greatest varia- 
tion is either to the right or to the left, and look at the 
pulley to see whether it is bored too large for the shaft 
or if the machinist has omitted facing the sides of the 
pulley. Occasionally it will be found that the pulley is 
not lH>r(Hl true with its rim, having in some way moved 
in the l>t>rii\g mill. In such cases, two courses are open: 
Kithor thnnv away the pnlloy and put in a perfect one, 
or plsi^ tho points of variation vorticnl, and then sight 
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across g, e, and move the shaft of pulley b until the 
sight across g, e coincides with sight from c. 

Previous to moving the shaft through b, the alignment 
of both shafts should be tested, for there is a possibility 
that the shaft at a^ may be the one in error, in which 
case shaft b should not be moved, and it will be neces- 
sary to move one of the pulleys along its shaft in order 
to make them line up after the shafts have been placed 
parallel. With pulleys 36 inches jn diameter, a great 
degree of accuracy can be obtained by sighting pulleys 
as above — accuracy not only in alignment of the pul- 
leys, but provided the pulleys are truly finished and set 
on their shafts, accuracy in the alignment of the shafts. 

Having mades all adjustments by sighting the pul- 
leys, a final transit test should be made on all the shafts, 
or in the absence of the transit, the test may be made 
with the straight-edge, and spirit level to ascertain 
whether or not the shafting is level. 

To test the alignment of the shaft with the permanent 
station stones, or targets, place the transit on the sta- 
tion stones and pick up the shaft-line, or take up that 
line from any targets that may be available for the pur- 
pose. The'leveling-rod head may be either replaced on 
its rod, or put upon a piece of plain square rod. Place 
the free end of the rod against the shaft, hold it hori- 
zontal, and set the sliding head to a sight from the in- 
strument cross hairs, then carry the rod to the next 
bearing, and if the cross hairs cut the same point on 
the rod, that section of the shaft may be considered all 
right. Proceed in the same manner to each bearing. 
Where a section of larger diameter is encountered, the 
rod must be shortened by moving the head towards the 
shaft a distance equal to the difference in diameters, 
and vice versa for a section of shafting of smaller diam- 
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eter. Any variation found must be corrected by mov- 
ing the bearing at which the variation is found, an 
amount sufficient to bring the shaft in line. 

For leveling the shaft, the tools shown in Fig. 100 
will be found to be very convenient. In using this tool 
the hook c is hung on the shaft, and as it is made of 
i/^-inch soft steel, it may be placed in a very narrow 





'tfr 




FIG. 100. 

LEVELING RODS FOR SIIABTING. 

space between pulley and hanger, or hanger and collar. 
The hook should be so shaped that the rod will hang 
in a vertical position, thus becoming self-plumbrng. A 
hole is bored in the sliding head b, and a clip of some 
kind is pushed into the hole for the purpose of support- 
ing the short piece of pipe d, which is capped at its 
lower end, and partly filled with kerosene into which 
a wick is inserted, thas forming a small torch which 
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serves to light up the sliding head in order that a good 
view of it may be obtained through the telescope. 

A good substitute for the leveling rod just described 
may be made by bending a piece of round steel rod, as 
shown at e, Fig. 100. The rod may be i/^-inch, or any 
convenient size, and a small set collar, f, answers the 
purpose of a sliding head, and the torch carrier is at- 
tached to this. 

Testing SJiafts WitJwut the Transit, — ^AVhen the shaft 
must be tested without the use of the transit or other 
telescope instrument, stretch a line conveniently above 
the shaft and a few inches to one side. Hang a plumb- 
line opposite the point to be tested, and after the bob- 
line has come to rest, carefully measure from the line 
to the shaft, placing a bit of thin stick against the shaft 
and marking the stick where the bob-line hung past it. 
Carry the stick to each point in succession which is to 
be tested. 

To test the level of the shaft, a straight-edge should 
be used and placed upon two distance pieces which will 
reach from the straight-edge, when placed above the 
pulleys, down to the shaft. Three men are needed for 
this work, twp to hold the distance pieces and the 
straight-edge, the other man to work the carpenter's level 
which is applied to the straight-edge as directed for lev- 
eling foundations. The bearings are to be raised or 
lowered as indicated by the level and straight-edge. 

It is a common occurrence to see millwrights apply the 
level direct to the shaft. This method is all right under 
certain conditions, but there are times when it is not 
to be depended upon. Every shaft must sag a little 
between supports, and if the level be applied near one 
of the bearings, it will not indicate exactly the same as 
when applied at the center of a span. Where there are 
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heavy pulleys a few inches from a bearing, as all pulleys 
should be placed, and the level is applied just outside 
of the pulley, there will be found sufficient deflection in 
the shaft to lead to a considerable error when the shaft 
is used as a straight-edge. 

Praportions of Pulleys. — ^Por the proportions of pul- 
leys the following formulae are presented by Unwin and 
Reuleaux : Let n =z number of arms, D = diameter of 
pulley, S = thickness of belt, t = thickness of rim at 
edge, T = thickness in middle, B = width of rim ; B^ = 
width of belt, h = breadth of arm at hub, h^ = breadth 
of arm at rim, e = thickness of arm at hub, e^ = thick- 
ness of arm at rim, c =: amount of crowning in inches ; 
then, 

Unwin Reuleaux 

B =: 9/8 (Bi + 0.4), 9/8 B^ to 5/4 B^ 
t = 0.7 S + .005 D, (thickness of rim) 



1/5 h to 1/4 h 



T == 2t + C, 



hrn 



for single ^ BD 

belts = .6337 n 



for double ,, BD %'' , B , D 



iy 



belts = .798 n 4 4 ^ 20 n 



h} ~ 2/3 h 0.8 h 

" 0.4 h 0.5 h 

o^=r:0.4h 0.5 h 

immber of arms BD D 

n-.^ 3 + y2(5X — 



for a single set 150 2 B 
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L= fnot less than 2.5 SI 
len^h - 
of hub is often 2/3 B 



B for single arm pulleys 
2 B for double arm pulleys 



M = thickness of metal in hub, h to % h 
e =^ crowning of pulley 1/24 B 

According to Unwin, the number of arms is arbitrary, 
and may be altered, if necessary. Reuleaux says, that 
pulleys with two or three sets of arms may be consid- 
ered as two or three separate pulleys combined in one, 
except that the proportions of the arms should be 0.8 
or 0.7 times that of single-arm pulleys. 

Example — Dimensions of pulley as follows : Diameter 
60'', face 16", for double belt 1/2" thick ; 

Solution by 

n h hi e el t T L M c 
Unwin ...9 3.79 2.53 1.52 1.01 .65 1.97 lOJ 3.8 .67 

Solution by 
Reuleaux. .4 5.0 4.0 2.5 2.0 1.25 16 5 

The following solution for breadth of arm is proposed 
by Prof. William Kent: Assume a belt pull of 45 lbs. 
per inch of width of a single belt, that the whole strain 
is taken in equal proportions on one-half of the arms, 
and that the arm is a beam loaded at one end, and fixed 
at the other. The formula for a beam of elliptical sec- 

• Rbd2 

tion is fP = .0982 , in which P = the load, R = 

1 

the modulus of rupture of the cast iron, b = breadth, 
d = depth, and 1 = length of the beam, and f = factor a 
of safety. Assume a modulus of rupture of 36,000 lbs., 
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a fardor of aafetv of 10. and an atiiitit^cLal 4lIow^n«?i? for 
iwfHty in takini? I = ^2 ^^ diameter of lA*?^ pulli^y in- 
Kifrad of '2!^ I^a» the radfiK o^f tfce hub^ Take d = h 
the breadth of the arm at tfaie luib. b^it = 0.41i. the 

45 B B 

thickneHH, We then hare fP=zlO . = 900 — 

n -^2 n 

* 

^^535_XM^^ whence h^^ ^BD ^ BD, 
%D 3535 n n 

which in practically the same as the value reached by 
Unwin fnnn a different set of assnmpticms. 

Convexity of Pulleya, — On the subject of the convex- 
ity of pulleys, authorities differ. Morin gives a rise 
erpial to 1/10 of the face; Molesworth, 1 24; others from 
Vh to 1/9. Scott A. Smith says, the crown should not 
be over Vis- inch for a 24-inch face. Pulleys for shifting 
belts should be * 'straight," that is. without crowning. 

Cone or Step Pulleys. — To find the diameter for the 
several steps of a pair of cone pulleys, proceed as fol- 
lows: First, for crossed belts, let D and d be the diam- 
eters of two f)nlleys connected by a crossed belt, L =: 
the distance between their centers, and B = the angle 
that either half of the belt makes with a line joining 
the centers of the pulleys; then total length of belt 

n n B 

= (D -f d) — -f (D + d) h 2 L cos B, 

2 180 

D + d 
/5= angle whose sine is ; 
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D + d 2 

L cos /5= V ^^ — "^ ^• 

2 

The length of the belt is constant when D -|- d is con- 
stant; that is, in a pair of step pulleys the belt tension 
will be uniform when the sum of the diameters of each 
opposite pair of steps is constant. Crossed belts are sel- 
dom used for cone-pulleys, on account of the friction 
between the rubbing parts of the belt. To design a pair 
of tapering speed-cones so that the belt may fit equally 
tij^ht in all positions, first, when the belt is crossed, use a 
pair of equal and similar cones tapering opposite ways ; 
second, for open or uncrossed belts, ase a pair of equal 
and similar cones tapering opposite ways and bulging 
in the middle, according to the following formula : Let 
L = the distance between the axes of the conoids, R = 
the radius of the larger end of each, r = the radius of 
the smaller end; then the radius in the middle, r^, is 
found as follows: 

R + p (R — r)2 

r^ = 1 (Rankine) . 

2 6.28 L 

If D^ = the diameter of equal steps of a pair of 
cone-pulleys, D and d = the diameters of unequal op- 
posite steps, and L = the distance between the axes, 

D + d (D — d)2 

then D^ = 1 . If a series of differ- 

2 12.566 L 

ences of radii of the steps R — r be assumed, then for 

R-fr (R — r)2 

each pair of steps = r^ , and the radii 

2 6.28 L 



If^ S.ANBBOGS: FOS TSXOJWSIGP^^ 

nf ♦•htiii niey tit- t'omjitrt^ed from tbf»ir lialf khizl, and half 
differeutt. ttf^ f iiBowf : 

E — T B — T S-fT K — r 

2 = ^ ; T= ^. 

2 2 2 2 

^WMLe it IF gwnA praelaee.to tud fihafting at a high 
TEtf- nf speed, (tare mast "be €Xfireised in order not to 
Tntkt JT im]»ofiKiliie !(• install lihe proper pxiIleTrs for driv- 
ms Tiie macliiDeR, m the eorref^ fq>eed. The speed of 
tht: fibEfrrng heai$. a dipert relation to the sixe of pulleys 
required tc» cibtain a eertain increase or deei^ease in 
speed, and ttasesi hare "been tnown in irhich the size of 
jvuTlej neeessary vaf^ «o lar^ that it eonld not be in- 
stalled. Thifi ecindrnan maikes it iinperatiTe to obtain 
the troireet «g>eed hx means of several redneticais^ and is 
ncc cmly a -waste of pover, bm eaUs for extra belting, 
fcpiifcLTsras. }ii"br5(rflnt and «tre.. 

La-'::-7rhO FiJiVt .*?. — Chanires in a mill or fiaotorv fre- 
queEtiT nec-ess^itate an incTease in the diameter of a 
puBey ; either this or the pitrehase of a new one of the 
requir^i diametrr but as this wonld eanse considerable 
expanse, the desired change in diameter may be effected 
by lagging, which may be done quicker and cheaper 
than th? installing of a new pulley. The lag^ng may 
be put on so as to increase the diameter 2 inches or 
even 5 or 6 inches if necessary. This is particularly 
the case with wooden pulleys, but even cast iron, or 
Kteel rim pulleys may be lagged to advantage by drill- 
ing a scies of holes aroimd the circumference of the 
rim. A method of laying out a lag pattern is illus- 
trated by Fig. 101. First, procure a thin piece of board 
Vi to VL' in. thick and tack it to the floor or bench. T^en 
with a ])air of dividers or a tram draw a circle e, from 
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center b, having a diameter equal to that of the puUey 
to be lagged. The circle should cut on to the board 




about 214 inches, and a line sliould then be drawn from 
center h to d, after which the thm board msj he sawed 
off at e, 2 or 3 inches from hne d The edge of tht 



board at d. and the end at a. may also be cut off lear-J 
ing tlie completed pattern as showTi at f. 

It is to be used as a set square for testing the dress- 
ing of the lags, one of which is shown in section at g, 
and it is to be planed or machined until it fits the 
pattern f on three sidas. A completed la^ is showaV 
at h. The eurve i, j, k, may be worked out by running! 
the lags at nearly a ri^'bt nii.trle )ii>ross the table of i 




large i-ircular saw having the saw teeth project througlil 
tl e t ble the deptl of the c t at j 

Th re is no need of dress ng do ti the lag g untill 
pntt n f fitg 11 the way across because at k s shown j 
II tl at can be used of the c rve tl e edges k 1 be ng j 
It if wlcti tie lag s jn nted on tie ei^e tie str p 1 
k 1 Iw ng Bt 1 H n t n t ne esaarv to ftt J 

It I st k 1 Tl hi of tl e i g across tl e face"! 

k M I ut ul lor tl e r ason tlat the edges araJ 
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all radial when laid out by pattern f. Hence any width 
of stock may be used that will give the necessary thick- 
ness of lagging. 

Wood Pulleys, — Fig. 102 represents a wood pulley 
in course of construction on flanges, according to the 
old time method. Circles or disks of % or 1 inch dressed 
lumber are first gotten out to amount to a little less than 
one-third the width of pulley face. These circles are 
fitted to each other, glued and nailed as sho\\Ti at a 
and b, sketch B. When the requisite thickness of web, 
as it is called, has been built up, the flange is bolted to 
the wooden web, and usually another thickness of stuff 
is broken around the outside of the flange, thus giving 
more bearing of the wood against the iron. 

As soon as the web has been completed, the segments 
e are fitted in place, nailed and glued, until the neces- 
sary width of face has been worked up. After the nails 
have all been carefully **set,'* the pulley is mounted 
on a shaft, and the face, and edges of the face are turned 
down sufficiently to obtain the needed finish. When 
gluing the disks and segments together, the pieces should 
be fitted to lie as closely as possible, the coating of glue 
applied, and the whole squeezed in a press as tight as 
possible, while the glue it setting. 

- To prepare hot glue for use, place the required quan- 
tity of dry glue in a vessel and cover with cold water. 
It makes no difference how great a quantity of water is 
used for the glue will only absorb a certain amount. 
It is best to place the glue in the water at night ; then 
the next morning pour off all the water except what has 
heen absorbed by the glue, which should then be placed 
in the regular double glue pot and melted. Dry glue 
will absorb just the amount of cold water that is nec- 
essary for melting the glue with heat. 
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Glue will not dissotre in cold water, though 
soften, us shown iibo%'e. To prepare a glne which 
nut tiirn into jelly after it has been heated and allowed 
lo become t-uld again, add some acetie acid, and the 
I>rt>perty of gplntixiug when cold becomes lost. Nitric 
acid inay be used instead of acetic, if desired, so may 
hydrochloric (muriatic) acid. None of the adhesive 
strength is tost, and ghie thus prepared, which is sold 
as "cold" glue, "prepared" glue, etc., may be used 
without heating if necessary, but better results can ba 
obtained by heating the glue, likewise the articles to be 
glued, tlie same as when using ordinary, or "hot" glue. 

Glue joints may be made waterproof by adding a lit- 
tle bichromate of potash to the glue before using, and 
then exposing the glued and dried joint to the action 
of sunlight, which acis upon the bichromate and ren- 
ders the glue insoluble in water. 

Belts and BeJt Drives.- — The use of belting in manu- 
facturing plants, whether of rubber, leather, canvaa 
or rope, brings many problems into the work of the 
millwright that require much judgment, skill and ex- 
perience in order to produce satisfactory results at a 
minimum cost and keep the production factor constant. 
Any special local conditions in every plant have to be 
met by a special mode of procedure. 

In the selection of a driving belt, the work to be done 
and the atmospheric conditions surrounding it are of the 
tirst importance. Always be sure to so design the drive 
that the belt will be amply large for the work, but not 
so large as to cause unnecessary expense in first cost. 
Figure to have the belt speed in feet per minute be- 
tween 4,000 and 5,000 feet if possible, as better results 
may be obtained with smaller belts under these condi- 
t'luns, and this factor of velocity should enter into what- 



BELTS AND BELT DRIVES 199 

ever belt formula is used in determining the horsepower, 
or the width of the belt. 

The atmospheric conditions are as variable as the 
power factor^ and the life and eflSciency of the driv- 
ing medium are almost entirely governed by these con- 
ditions. In cotton mill work the air is dry and linty, 
and even with humidifiers working, the belts will occa- 
sionally need a liberal amount gf neatsfoot oil or other 
good dressing. Belts for this work are best when made 
of leather, and what is known as a **soft tan'' gives ex- 
cellent results as regards pliability. 

Machine shops are generally dusty and dry as re- 
gards atmospheric conditions, and wood working shops, 
polishing and grinding rooms are invariably so. Even 
under these conditions if belts are kept soft and pliable, 
and well laced or cemented they will last almost in- 
definitely. 

In designing belt drives there are several very im- 
portant features which the millwright should keep con- 
stantly before him, and correct data upon these points 
should be obtained before any figuring is done. For 
instance he should know: 

(a) What is the distance between centers. 

(b) The kind of pulleys — iron, wood, paper, etc. 

(c) The kind of belt — ^leather, rubber, cotton, etc. 

(d) Is the belt to be single, double or treble? 

(e) What velocity can be given the belt? 

(f) What horse power is to be transmitted? 

(g) Will the resistance to turning be constant? 

The tension per inch of belt width that may be al- 
lowed is also an important factor. Some designers 
have adopted 40 lbs. pull per inch of width as a stan- 
dard for all kinds of belts, leather, rubber and cot- 
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ton. Others allow 60 lbs., while others still allow 88 
lbs., but only for certain kinds of belting. A belt trans- 
mits motion entirely through frietional contact with 
the surface of the pulley. 

It is best to have the face of the pulley from i/o 
inch to IV2 Jiich wider than the belt, depending upon 
width of face. Wide belts are less effective per unit 
'^f sectional area than narrow belts, and long belts are 
more effective than short ones. The proportion be- 
tween the diameters of two pulleys working together 
should not exceed 6 to 1. 

The usual convexity of pulley face, is Ys to y^ inch 
in the width, up tc 12 inches wide, and for larger 
sizes Ys to 1/4 ^^' P^^ foot of width. 

Speed of Belts. — Belts liave been employed running 
over 5,800 feet per minute, but nothing is gained, by 
running belts at a speed much in excess of 4,000 feet 
per minute. About 3,500 feet per minute for main belts 
is good practice, and for lathe belts from 1,500 to 2,000 
feet per minute. Table 25 gives the coefficients of 
friction of different kinds of belts. 

Table 25 
Coefficient of Friction. 

Leather belt on iron pulley, dry 0.42 

Leather belt on iron pulley, wet 0.36 

Leather belt on iron pulley, greasy 0.23 

Leather belt on leather covered pulley 0.45 

Cotton belt on iron pulley, aver 0.30 

Rubber belt on iron pulley, aver 0.45 

At high velocities the centrifugal tension will de- 
crease the pressure between bolt and pulley, besides 
putting additional tension in the belt. 
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Rankine^s formula for centrifugal tension is 

12 X W X V 2 
C = . 



g 

in which W =z Weight of cu. in. of leather, 
C = Centrifugal tension, 
V = Velocity in feet per second, 
g =: Acceleration of gravity = 32.2, 

let W = .035, 

12 X .035 X V 2 .42 X V 2 

then C = = = .013V 2. 

32.2 32.2 

On high speed belts running at, say over 3,000 feet 
per minute, the effect of centrifugal tension becomes 
an important factor. For instance, suppose we had 
a 6 in. belt i/4 ^^' thick, with cemented joints ; Max. safe 
load to be 400 lbs. per sq. in. Then 6 X .25 = 1.5 sq. 
in., which X 400 = 600 lbs. If this belt were to be 
speeded up to 176 feet per second, then C will equal 
.013 X 1762 X 1.5 = 604 lbs., and therefore the cen- 
trifugal force would equal the safe tension and the 
belt could not transmit any power. Thus it is neces- 
sary to figure -on centrifugal force for all speeds of 
3,000 feet per minute or more. 

Take another example; a 20-inch belt 14 i^ch in 
thickness is to run at a speed of 2,670 feet per minute, 
and the pull on the belt is 1,235 lbs., equal to 1,235 -f- - 
20 =: 61.8 lbs. pull per inch width. To this must be 
added the centrifugal tension. The belt being 20 
inches wide by 14 in. thick, there are 20X.25=:5sq. 1 
inches of leather in section, then C = .OlSX^^S^X- 
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iiUte the teoaatf oT a belt m As. per mob «f width. 
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iDcb. md bam % to % mA far di^lc k&ii«. Tak- 
ing the mtsm thi>tiM»j ^ «« Hay saj- t^M tk breakiiig 
KtreHaat are tnm TaO to 1J230 As. pa- lacfc aC vidth for 
Hingle Wits, and 1^500 to 2.3CO Dk. prr iadi of width 
f(rr double bdts. 

It in foaod, bowerer. that the stRBgtfa of the joints 
in mmHimix only aboat ooe-third of the strength of the 
fK>IWI Imther, H^nce, the fimai strength of an endless 
licit dhouid not be reckoned at more than onf-ikird of 
tllo lllwve valueti. Further, the safe trorking (entiion 
mIidijIiI tii^v^^T exi-eed one-fifth of this final strength {of 
lilt' jiiint), in order to provide for deterioration and 
midilcn ehangcH of load. Prom this point of view, we 
llitIN iirrivi' at iLpproxiraate valnes for the safe working 
luMMloim liy tiikinu one-fifteenth {i.e.. one-third for joint 

niul (I Iirtli for fairtor of safety) of the breaking . 

BlrtiNM Jtrr Invlt of width, viz.: ^ 

KorNinal.' belting, 50 to 80 lbs. ' 

l-\>r .linihl.' bolting, 100 to 160 lbs. 



Ill (>tvrlii'i\ however, tlie rule is not to put on a 
»lli|llii|' li'ii"lim Ibim r>0 Ibw. for single, and 80 lbs. for 
ili'llblt' Ix'IlM ]ii'r iiieli of width, since it is found that 
mtili'l' til'''"! mild conditions, leather belts run for many 
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years with a minimum of lubrication on the bearings, 
and with far less chance of heating the journals or 
stressing the shafts. 

Power of Single Leather Belts. — To roughly calcu- 
late the power of single leather belts, the following 
formula may be used : Let H. P. = actual horse-power ; 
W = width of belt ; F = driving force ; T ==i working 
tension from 70 to 150 lbs. per inch of width ; V = ve- 
locity of belt in feet per minute. Then 

33,000 X H.P. W X T V X F 
P = , or F = . H.P. = . 



33,000 



33,000 X H.P. 
W = . 

T 

-XV. 

2 

These rules give good practical results where there 
is no great inequality in the diameter of the pulleys. 

Table 26 will be found very useful in estimating the 
horse power that different sized belts will transmit. 
For instance a single oak tanned leather belt running 
at a speed of 700 feet per minute will transmit 1.06 
horse power per inch in width, while a heavy double 
belt of the same material and at the same speed will 
transmit 1.91 H.P. 

Which Side of the Leather Should Face the Pidley. 
— The grain or hair side of the leather is naturally 
much smoother than the flesh side, and millwrights 
differ in opinion regarding which of these sides should 
run in contact with the pulley. Whichever side of th< 
h^lt is w contact with one pulley, tYie sam^ ^\^^ ^'cskJsi.' 
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be in contact with all the pulleys over which it passes, 
so as not to bend it alternately in different directions. 
When the flesh side is next to the rim of the pulley, it 
should receive one coating of currier's dubbing, and 
three coatings of boiled linseed oil every year, in the 
case of a belt having to endure continuous hard work. 
This has the effect of rendering it about as smooth as 
the hair side, and its eflSciency as a whole is said to be 
thereby increased. When the hair side is in contact 
with the pulley, it is usual to give that side an occa- 
sional coating of castor oil in order to render it more 
flexible, and, consequently, more durable than it would 
be in its natural state. Bosin or cobbler's wax should 
never be employed, as they- gather dirt, and form lumps 
on the pulley and belt. 

Double and Treble Belting. — Sometimes the breadth 
of a single belt necessary to transmit a given power 
would be inconveniently great, and hence double or 
treble belts are used. These are made by cementing, 
and then riveting, or sewing two, or three thicknesses 
of belting together. Owing to the greater rigidity of 
such belts they do not work so satisfactorily as single 
ones, and are not well adapted for running at high 
speeds, or over pulleys having a diameter of less than 
3 or 4 feet, or in cases where the pulleys are close to- 
gether. 

Woven Belting. — ^Although leather belting is still very 
largely employed, it has, more especially during recent 
years, been very largely displaced by woven beltings, 
which are strong and very pliable — ^two of the most im- 
portant features in any flexible transmitter of power — 
while they have the further advantage of not being af- 
fected by changes of temperature, water, steam, fumes 
of chemicals, etc. 
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Selecting Rubber Belts. — The two determining qiu 
ties in rubber belting are the weight of the cotton dod^ 
from whicli the belt is made and the weight and qual- 
ity of the rubber coating. Rubber is beeoniing so scarce 
and so high-priced that hundreds of substitutes are 
used, and real rubber may soon become exceedingly 
scarce. Some rubber substitutes have the bad habit of 
peeling from the cotton as soon as the belt gets to 
working. 

But in this matter there is another aide in which 
the belt maker should be protected. Peeling and split- 
ting of rubber belts sometimes take place when real 
rubber is used and the belt is first-class in every way. 
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In cases like these, the belt maker should be protected 
against loading the belt to more than its safe working 
tension. It has already been stated that a belt which 
is not loaded to more than 40 pounds working pressure 
to the inch of width is not likely to slip or break. But 
the working strain is not by any means all the stress 
that eomea upon a belt. A careless workman may put 
a belt on its pulleys in such a manner that it will not 
stand up under 40, or even imder 20 pound.s working 
pnll. In fact, a belt may be placed upon pulleys so 
tightly laced or otherwise joined that it will not stand 
ita own weight. 

The determination of the lacing stress in belts will 
be discussed under the head of lacing, and is mentioned 
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here only to show that more belts fail on account, of too 
tight lacing than fail on account of poor material being 
used in their making. The weight of rubber belts, and 
the thickness of the rubber coating, together with the 
weight of the cotton duck, are determining factors in 
selecting belts of this kind. 

Finding Required Length of Belts. — "When the pul- 
leys are in place, the next step will be to ascertain the 
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lengths of the various belts. A steel tape is without 
doubt the best device for measuring around pulleys. 
An ordinary tape line will answer fairly well. After 
the measurement has been taken, an allowance must 
be made for stretch of the belt when placed upon the 
pulleys. It is the usual custom to allow % inch to the 
foot for stretch, therefore the belt should be cut 1 inch 
short for every 8 feet of its length. For instance, if 
the measurement oo the pulleys showed 80 feet in 
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length, the belt should be cut 80 h- 8 = 10 inches short, 
which would make its length about 79 feet. Another 
method of ascertaining the lengths of the belts to be 
used in the mill or factory under construction, is by 
means of a belt chart, see Figs. 102b and 102c. The 
distance between centers of the different shafts being 
known, a chart or diagram may be constructed very 
easily from which may be taken instantly the length of 
belt necessary to wrap half way around each of a pair 
of pulleys. While the chart does not take into account 
the slight difference due to the difference in arcs of 
contact of belts over pulleys of unequal diameter, the 
error thus caused is very slight, and is only a very 
few inches in extreme cases of a very lai^e and a very 
small pulley. 

For instance, should it be necessary to belt a pair of 
80-incli pulleys the length of belt taken up by wrapping 
lialf way around each of the pulleys will equal the cir- 
cumference of one of the pulleys, and this is 80 ~ - 
12X3.1416 = 20.93 feet; so close that we will call it 
21 feet. To originate the chart or diagram, draw the 
line a d, Fig. 102b, making it 21 parts long by any con- 
venient scale. This line should be drawn at an angle 
of 45 degrees with lines a b and a c, which should then 
be divided into 80 equal spaces, each space representing 
1 inch of pulley diameter. 

The diagonal line a d should also be divided, but into 
21 equal parts, each part representing one foot of belt. 
Through these points the lines 14 ,15, 16, etc., should be 
drawn and marked with the figures mentioned, com- 
mencing at a, which represents 0, the next division 1, 
the next 2, etc., the last division 21, being located at 
the intersection of lines d, b, and d, c. 

Reference to Fig. 102c will show that by following 
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this method, a chart may be eoDStmcted for all pulleys 
up to 80 and 120 inches in diameter. The method of 
using the chart is as follows. It is desired to ascer- 






tain the leD^h of a belt required to connect two pulleys, 
having diameters of 36 inches and 48 inches respectively. 
and carried by shafts with distance between centers oJ 
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19 feet. The ehart shows that pulleys of 36 and 48 
inches in diameter require about 10 feet, 10 inches, or 
say 11 feet of belt wrap, aud adding this to 38 feet 
which is twice the distance between centers, gives 
11 + 38 — 49 feet as the required length of belt. 

Belt Fastenings. — The best fastening for a belt is 
the cement Splice. It is much better than lacing, hnlt 
hooks, riveting, or any other method of joining together 
the ends of a belt. Good glue makes a strong and dur- 
able cement for leather belts, but fish glue is less af- 
fected by moisture. Ordinary hot glue may be mad; 
impervious to water by adding a small quantity c 
ehromate of potash to the glue just before using. 
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Lacing Belts.—Joining the ends of a belt by .lacing 
tends to weaken the belt by just the amount of ma- 
terial that is punched out for the holes that are re- 
quired to receive the lacing. The beat method to pur- 
sue in lacing is, to use as small lacing as possible, and 
pass it many times through small holes, rather than 
a wide lacing passed through large holes. As an in- 
stance of the weaking effect of punching holes of too 
large diameter in a belt for the purpose of lacing it, the 
following example may be cited. Taking a double belt 
5 inches in width, although the width is immaterial as 
the loss of strength is calculated as a given per cent of 
total width. There are four holes in this piece of belt, 
each hole % inch in diameter. The aggregate width 
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thus ctit out of the belt is 4 X % inches — 12/8 — IVa 
inches. Then 1.5 ~ 5 = 0.30, or 30 per cent of tlie belt 
has been cut away — ^nearly one-third of the total 
strength. 

Now if in place of a few large holes there are more 
smaller ones — one-fourth more, in fact. There are five 
holes, each 3/16 inch in diameter, making a total of 
15/16 inches, or 0.9375 -^ 5 — 18% per cent, leaving 
81^4 ppr cent of the total belt strength against 70 per 
cent in the belt with large holes. A iirst-clasa double 
leather belt will tear in two under a strain of about 500 
pounds to each lace hole, the strain being applied in the 
holes by means of lacings. 

Thus it would require 2,500 pounds to tear the 5- 
inch belt with the small lace holes, while the belt with 
the large holes would only stand 2,000 poundts. 

Another method of computing the working strength 
retained in the belt after punching the holes is, aa-sum- 
ing the tensile strength of the leather to be 3,000 lbs. 
per sq. in., the 5-inch belt being % in. thick will have 
a cross sectional area of 5 X 0.375 ^ 1.875 sq. in. After 
deducting 30 per cent of this for the holes, there still 
remains a belt section of 1.125 sq in., having a breaking 
strength of 1.125 X 3,000 — 3,375 lbs. But as the large 
lacing and lace holes of the belt broke it under a strain 
of 2,000 lbs., it is plainly evident the strain is not evenly 
divided. "With the other method of lacing, viz: small 
holes, the belt retains 81^4 P^r cent of its original crras 
section = 1.525 sq. in. after punching the five small 
holes. The breaking strain in this case - 
1.525 = 4,575 lbs., using a factor of safety ' 
.■working strain — 4.575 ^ 5 = 915 lbs. per sq. 
.525 X 015 - 1.395.375 lbs. for the belt. There 1 

lace holes, the pull on each lace — 1,395.-375 -^ I 
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270 11 m., anrl nnm^ a factor of safety of 2 for the lae- 
injr, th«' satV working? stren^h of which. ^ 300 h- 2 ^ - 
2i'V) llw., it will h« seen that the stress is more evHilv 
rlivid<'(l by the iifle of the small holes and a larger 
niiml)er of them. 

firlf ffookft. — Fijjf. 102*1 shows a belt fastening which 
lows but very little belt seetion, the points of the fjaa- 
teriinKH b^'inff driven down between the fibers and i^nt 
hilt vory few of them. One of the fastenings driven 
into plafe is shown at a, while another clip is in place 
«t b all ready for the hammer, which is the onlv tool 
rerpiired for applying? these fastenings. As may be se«i 
at c, the points which go through the belt are very slim 
and rjiiite small. They are made of rolled steel and will 
stand a heavy strain without breaking or bending. 

These fastenings are made in varions lengths and 
si/<'S to fit any and all belt thickness and width. After 
the hooks have been driven, the ends of the belt should, 
as shown in the engraving, lie evenly and close to- 
gether. If the fastenings are driven properly, the belt- 
ends will be drawn elosf^y together, but if the steel 
points are allowed to wander away from the end of the 
belt a little, the job will not be a good one. The points 
Hhould project through the belt between 1/16 and 1/12 
inch a Tier having been driven through the belt into a 
piece of soft, wood placed underneath. Then the belt 
should be turned over, placed upon the rim of an iron 
pulley, or a bar of iron or steel, and the points clinched 
and driven back into the belt. They should be driven 
in HO far that they cannot touch the pulley at all, and 
upon th(^ manner of the clinching and driving depends 
largely the value of this excellent fastening — a very 
d(^sinibl(» one when properly selected and applied. 

Fig. 10.1 .shows a variety of belt joints. At (1) is 
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sho^ii a joint which is generally made in a belt fac- 
tory 'where the necessary scarfing planes, and compress- 
ing gear are available. Cemented joints made in this 
way are nearly as strong as riveted joints. A good con- 
nector for new and strong leather belts is shown at 



<2i 



tn 



^^^^^i^^>r<<<<c;.VxN\N?^5555!55^ 



QUaSD Bk UCED' SPUCE. 



f4) 



itS& 





Butt JoaiT WITH nmiKl^ 






^^CCC^J^CCC^ 



^^^^^^^^^^ 



UPimmeD Bolted Jump JoiHT^ 

i5) 






Oketiup lmed Joitn. 



^^AM^y^^^^^^^^^i^^^^ii^ 



Jimp JOIHT QOHNECTO) Bf CUn, 



:^5^5i^^i^>55<K >5^^^c^^^c^^^ 



LiKEO Butt Joint with Apron. 



Pun of < s > 



Plan of (6) 



t>cya\ \^ 



r 



o ' o 




The horizontal dotted una moianE the snwms of the lacers 

<a) 



ON THE SIDE NEXT THE PULLEYS, 
<7> 




OL-i 




TWO itETHOOS OF LACING BUTT JOINTS. 

FIG. 103. 

VARIOUS METHODS OF JOINING LEATHER BELTS. 



(2). The tough yellow metal fasteners shown at (3) 
serve well for belts running at high speeds over small 
pulleys. 

The slits for these clips are made by a special form of 
cutting pliers and should be cut fully Vi ^i^ch from the 



fud of the belt, being so spaced tbat the crossheads of 
the fasteners come close to each other across the strap,. 
In order to prevent the body of the metal flip fromj 
being bent up and down when passing over the pulleys,! 
the fastener should be as short as possible. 

At (4) is shown what is termed & "jump joint" 
upturned and bolted. The strength of this joint is 




increased by inserting a leather strip or waaher be- 
tween the turned up ends as shown. An overlap lace 
joint in both section and plan is shown at (5). In 
making this joint, care should be taken to taper down 
and curve the ends to suit the smallest pulley over 
which the belt has to pass, otherwise the joint will be 
stiff, and consequently every time it travels on and 
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oflf the pulley a sort of hinge action takes place, accom- 
panied by a shock which not only shortens the life of 
the belt, but also communicates a jar to the shaft and 
machine being driven. 

For heavy broad double belts where a scarfed ce- 
mented joint cannot be used, the form of joint shown in 
plan and section at (6) with leather apron makes a 
very good connection; (7) and (8) show the best 
methods of lacing simple butt joints. The holes are 
punched so as to form a diamond or pointed figure, 




FIG. 105. 

BELT STRETCHER. 

whereby there are never more than two holes in line 
across the belt. Consequently it is possible to retain 
almost the entire strength of the belt without impairing 
its flexibility. Another plan of lacing a butt joint, 
which is very suitable for dynamo driving, and insures 
steady, smooth running, is illustrated in Fig. 104. 

This joint is made by a lace in one length by be- 
ginning at hole 1, and continuing through the several 
holes in the order 2, 3, 4, etc., as shown in Fig. 104, end' 
ing with hole 1, which is also marked 2X. 
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In order to facilitate tlie making of any one or other 
of the almve-mentioned joints in belts niorx? than 6 
inches wide, it is usual to employ a **drawing-up 
frame" of the form sho\^Ti by Fig. 105. The two ends, 
B,, Bo, of the belt, after being passed over the driving 
and driven pulleys, are brought towards each other and 
gripped by the clamps, Cj, Co. The wrench, K, is then 
applied alternately to the nuts of the long screws, S,, 
S^, until the tapers of the splice are brought fairly 
over each other, or until the ends come together fairly 
and squarely in the case of a butt joint. The lacing 
can then be done without any other effort than that of 




FIG. 106. 

COSi POUND BELT DRIVING. 

merely passing the thong through the holes and fas- 
tening it. 

(Umipound Belting. — In order to avoid the internal 
straining action of thick double or treble belting, it has 
been found advisal)le to simply put two or three thin 
singles b(»lls on the top of each other, without any ce- 
menting or riveting together, as shown by Fig. 106. 
This gives perfect freedom of action to each belt to 
iicconiniodate itself to the curv^es over which it passes 
without stressing its neighbours. The friction between 
the surfaces of these several belts is not found to have 
imy observable objections, and it is said that 70 per 
cent more power can be transmitted by compounding 
two singh' l)elts in this mannc^r. 
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By the addition of a third belt, still more power may 
be transmitted. A simple modification of this com- 
pound belt drive is illustrated by Fig. 107. The power 
is transmitted from one main driving pulley to two or 
more driven pulleys by separate belts, all moving in the 
same plane, and in a direct line with each other. This 
arrangement saves considerable room in a workshop or 
factory. It hajs been proved to be very convenient for 
driving several dynamos direct from one flywheel, in- 
stead of from independent drums. 

Link Chain Belting, — This form of belting (see Fig. 
108) permits of the escape of the air through the spaces 
between the links, and thus enables the leather to bear 
uniformly over the face of the pulley. 




FIG. 107. 

COMPOUND BELT DBIYE FOB THREE MACHINES. 

It is composed of a series of short leather links bound 
together by steel pins and washers. These belts pos- 
sess considerable flexibility, and can be made with a 
flexible central row of links to automatically suit the 
arch of any pulley. If desired, they may be specially 
curved to suit any camber. They further possess the 
advantage of being easily shortened and rejointed by 
simply bringing the .ends together with a drawing-up 
frame, interlocking the links until a row of rivet holes 
are brought fair in a line, and then inserting the rivot. 
When one side of this belting is made thicker than the 
other it is well adapted for working on tapered cones 
and for quarter twist driving. ^ 



f'rrrp nf Brit*. — Owing to the elafiticity of belts 
there is a certain amount nf movement of every belt inj 
a direction opposite to the motion of the pulley. ThiSB 
movement, called the "ereep" of the belt, is usuallyl 
taki-n at 2 per cent of the velocity of the driving pul-T 
ley. Referring to 109, when the belt approaches the'! 





hjvin bkltinq— 



driven pulley B, it is under the least tension, and do«|! 
lui nctual work, except that of holding itself against the' 
tttn>W4 of its own weight while suspended between point 
a «nd h. The arrows show the direction in which tho" 
WH \» running. A is the driving pulley. If marks 
i^V» tiwdn at a on the heft, and at b on the rim of 
vV?iv*W l»«lley B exactly opposite mark a, and the pul- 
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ley be then revolved by the belt, it will be found that 
when mark a left the pulley it would no longer coin- 
cide with mark b, but would be some distance ahead 
of it, as shown at c and d. The cause of this is that 
when the pull exercised by pulley A became felt by the 
belt as it passed around pulley B, the belt was stretched 
a certain amount, being thus pulled slightly ahead of 
mark b on pulley B. This amount is usually about 1 
per cent of the distance traveled by the belt. At driv- 
ing pulley A, another lag occurs. It will be noticed 
that marks e and f on belt and pulley respectively co- 
incide at the bottom, but as the pulley revolves drag- 




FIG. 109. 

THE CREEP OF A BELT. 

ging the belt with it to point g, the tension upon the 
belt is released, and the elasticity of the belt causes it 
to shorten to its normal condition again, creeping from 
g to h. In this case, the belt has fallen behind the 
pulley to the amount of 1 per cent of the distance 
traveled by the belt. In both cases the loss is about 
the same, resulting in a decrease of 2 per cent in speed 
of driven pulley, as for instance, if the driven shaft B 
were required to run at exactly 100 revolutions per min- 
ute it would be necessary to give the driving shaft A 
a speed of 102 revolutions per minute in order to make 
up for the creep of the belt in the manner described, 
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Thus, for a shaft belted 7 removes from the prime 
mover, the speed of that mover would have to be in- 
creased nearly 15 per cent (14.86) to make up for the 
creep of belts. 

The above allowance is a very important one when 
exact speeds are required, and it explains why, in some 
cases, the actual speed does not come up to the require- 
ments, even though the pulleys aU figure correctly to 
give the required speed, 

Rope Transmission, — The transmission of power is 
freriuently accomplished by means of ropes instead of 
belts. In addition to other advantages of this method, 
ropes seldom give way without due warning by slacken- 
ing or fraying in one or more of the strands, thus re- 
ducing the risk of accident, and stoppage of the mill or 
factorj' to a minimum. The working stress of the ropes 
being but a small fraction of their breaking strength, 
any signs of weakness in an individual rope would 
allow it to be removed, and the engine run with the 
remaining ropes until a convenient opportunity is of- 
fered for the replacement of the weak member. Further 
their comparative slackness between the pulleys facili- 
tates their annulling any small irregularity in the mo- 
tive power. These ropes are made of manilla-hemp, 
cotton, leather, and raw ox hide. Hemp ropes are pre- 
ferred to cotton ropes for main drives with large pul- 
le^'s. since they are cheaper, stronger, and last nearly 
as long as if spun with a greased core. 

Cotton ropes, being softer and more pliable than 
luanilla ropes, can be used with smaller pulleys with- 
out undue injury to the fibres. This is also consider- 
hWv aidiHi by the natural wax in the structure of the 
louff staple variety which acts as a lubricant, and per- 
wil^ of greater freedom of motion between the several 
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fibres. The life of a good cotton rope is usually about 
thirteen years if properly adjusted and well treated. 

Sizes of Ropes and Pulleys, — The size and number 
of ropes, as well as the least diameter of pulley, for 
any given power, are points of importance and should 
be considered for each case. 

The ropes commonly used for the transmission of 
power in factories or mills vary from 3 to 5 inches in 
circumference. No matter what the diameter of the 
pulley may be, ropes of 1% inches diameter should not 
be exceeded for main drives, and II/4 inches diameter 
for secondary drives. The diameter of the smallest 
pulley should not be less than thirty times the dia- 
meter of the rope, as the larger the pulley the less will 
be the internal friction, and consequent injury to the 
rope from bending and unbending (see table 27). 

Strength of Cotton and Hemp Bopes. — The ultimate 
strength of white untarred cotton ropes may be taken 
at 9,C00 lbs. per square inch of the net sectional area, 
which is about 90 per cent of the area of the circum- 
scribing circle. The normal working stress should not 
exceed 1/30 of the ultimate breaking stress, or say 300 
lbs. per square inch, although ropes are frequently 
worked at even a less tension. 

Table 27 gives useful data regarding these points. 
The ultimate strength of new manilla ropes is about 
11,000 lbs. per square inch of the net sectional area, 
which in a three stranded hawser is only about 80 per 
cent of the arc of its circumscribing circle. The nec- 
essary lubrication, however, reduces the strength by 
20 to 30 per cent., but the lubrication of the fibres is 
of much greater importance than the actual breaking 
stress. The greater freedom of movement amongst the 
fibres permits a heavier working stress to be e3iTT\^d, ?odA 
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ensures .1 maph longer life. A properly lubricated 
roanilla rope will outlast from two to four similar drj 
laid ropes working under the same eonditions. There 
are many ways of lessening' the internal friction, one of 
the best being that of coating the several yams with a 
mixture of black lead and tallow prior to twisting the 
same into strands. Under favorable conditions, when 
thus treated, it is praetically waterproof, and will lastn 
for about eight years. 

TABLE 27.— COTTOS DRIVING HOPES AND PULLEYS. 



HI 



Splicing Ropes.— The splicing of ropes is a matter 
of great importance, and should never be left to un- 
skilled hands. In order to secure a sufficiently strong 
joint its length requires to be from forty to fifty times 
the diameter of the rope, or say from 6 to 7 feet f( 
main, and from 4 to 5 feet for secondary drives. Tl« 
difFi^rent strands should be neatly interlocked, so that 
t!ie thiclmes.s of the rope is not increased. The strength 
of a good splice is only about 70 per cent of that of the 
rope. 

Rope Pulleys. — The pulleys used for rope gearing 
made with V-shaped grooves around their rims. 
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The sides of the grooves usually make an angle of 
45° with each other. The ropes must never be allowed 
to rest on the bottom of the grooves, but only on the 
sides, as shown. They are thus wedged into the grooves, 
and the resistance to slipping is thereby greatly in- 
creased. This has the effect, however, of producing 
greater wear and tear of the ropes. In , the case of 
guide pulleys the rope should always rest on the bot- 
tom of the groove. In the case of belts running on flat- 
rimmed pulleys, sufficient adhesion to prevent slipping 
of the belt on the pulleys is obtained by stretching the 
belt over the pulleys with an initial tension. But with 
ropes it is found that smoother working, and less wear 
and tear take place when the rope is put on the pul- 
ley with as little initial stress as possible. Hence the 
reason for increasing the frictional resistance between 
the rope and its pulleys by allowing the rope to wedge 
itself into the grooves in the pulley rim. 

The necessary pressure between the rope and the sides 
of the grooves to ensure sufficient frictional adhesion at 
the commencement of motion, is simply that due to the 
weight of the hanging parts of the ropes between the 
pulleys. The pulleys should, therefore, be large, and 
be placed at a sufficient horizontal distance apart, so 
asi to have the arcs of contact between the rope and the 
pulleys as great as possible. 

Fig. 110 ^hows the construction of a large rope fly- 
wheel, in which the wrought-iron bolt, B, connects the 
grooved rim, G R, with the wheel boss, W B, and thus 
receives the tensile stress due to centrifugal action on 
G R. 

In horizontal drives, the tight side of the rope should 
always be in contact with the lower parts of the pulleys, 
and the slack side above, so as to obtain a maximum- 
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arc of pontact between the rope and the pullej-s. The 
firnnve action uf rope pulleys also aets iu opposition to 
eentrifiiftal force, whith latter is so potent a factor in 
belt-driving. 
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Unpi's CRH therefore he. niii at j 
lliiui belts. Altbmigh the iisiial 



much higher velocity 
elocity of rope trans- 
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mission does not exceed 5.0fJ0 feet per minate. yet there 
are cases where satLsfaetory results are being obtainetl 
from rope transmission at a si»eeil of over IjMJUJ feet 
per minute, and the claim is made that the ropes last 
as long as when running at 5J"»00 feet per minute. The 
following formula provides an ample, though not ex- 
travagant margin of safety against collapse to individ- 
ual ropes in fair-sized installation^?, and also conforms 
to the regular findings of engineering practice: 

V (24.6d — 12) 

H. P. = . 

4860 — lOOOd 

in which H. P. = horsepower transmitted by good 3- 
strand cotton driving ropes running on pulleys having 
diameters not less than 30 times the diameter of rrif^e, 
V = velocity of rope in feet per minute, and d =i diam- 
eter of rope in inches. (Arc of contact of rope and 
pulleys assumed as 170^.) 

With regard to the relative cost of ropes and of belts, 
practical experience has shown a verj- great advantage 
in favor of the former, and the advantage is more 
marked in the case of thin ropes, say 13/1 6-in. in diam- 
eter, such as are used for driving light machinery', like 
ring spinning-frames. 

Besides the cases mentioned, there are many other di- 
rections in which rope dri\nng may be adopted with 
advantage, particularly where the electrical transmis- 
sion of power is concerned, for coal- washing machinery, 
for colliery fans, brick-making machinery', and the like. 

Casing ^f Pulleys. — An important consideration often 
omitted when arranging for rope driving is. casing the 
sides of pulleys with sheet-metal or boards. \\\\.V\<3k\3A» 



whieh tbe dispbiermait of air hy t&r uns uf large ti^^H 
■pMd poUeyv aal<fa maUruUv ,ti> tbe ptutitles load. '^^ 

Mtmrnrnm OimtUr of :<malU^ P»fl<y.— Tbe item 
which appesis maeX oalnnllT tt> offer itself Sr&t fur 
coosid«>ration, is Ihe bending, and oioaequent gripping 
capability of tbe rope itself. Soon after eottoa caiue 
into use for main driving ropes it was discovered that 

■ a tbree^strand rope of tbU material wotild elino; firmly 
to a ptdley thirty times its own diameter, bat wouli! 
^radoally relax its hold as the relative diameter de- 
ereased from this standsird. Subsequent praetiee plaeea^H 
the validity of tbU conelosion beyond the possibility o^^| 
doubt. ^ 

Proportionate Durability of Ropes oh Large and 
Small Circumferences. — Too mneh importance ean 
seareely be attached to the relative proportions of pul- 
leys and ropes, for it is absolutely certain that both 
driving foree and durability suffer mo«t materially from 
the non-observance of the thirty-diameter regntation, 
and that nothing, not even space restriction, has gone 
80 much against the successful application of ropes to 
the driving of dynamos, or transmission from high- 
speed motors, as a persistent effort to get below this 
natural limitation. Therefore, instead of adding to the 
burden of the drive by employing an abnormal quantity 
of thick ropes to make up for grip depreciation when 
lai^ pulleys prove impracticable, it is far better to 
divide the total bulk nominally required into the neces- 
sary number of smaller ropes. ^B 

Arc of Contact. — Before dismissing the consideraticsi^l 
of pulley diameters it will be -well to notice another * 
phase of the same question — viz., that which deals with 
the arc of contact. It needs but little reasoning to 
prore that rope contact reaches its iiiaxiiimm when both 
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puller's are equal in size: but when unequal the ntmnt^t 
quantity realizable is that earned by the fonallest pul- 
ley, whether it be driver or driven. 

'Trailing Span of Ropfs. — ^The are of eonta^^t is al*> 
affected by the positicm oeenpied by the trailing span 
of the ropes, which, when above the pulleyy*. undoubtedly 
gives the maximuni bearing^ surface. This poftiticin is 
not always attainable, nor is it under all eirenmstances 
desirable. For example, an eiratie delivery of power 
or variable load may set up oscillatiocii» in the respon- 
sive ropes of such violence as to fiin^ them entirely 
off the puDeys. Now if the direction of rotation i^ so 
arranged as to brin^ the trailing span below the pul- 
leys, any tendency on the part of the ropes to wander 
from their appointed track is held in check by the 
puD on the ridit side, while jzravitation tends to con- 
trol the vibrations on the slack saAft. 

Las due to rererse drrvrn^ may for safety be cal- 
culated as the differ^ice between the average of 170' 
and the are of actual contact, which is usually meas- 
ured from the tan^eent point of a cnrvi*^ who«e depth 
(&om a strai^t line drawn alon^ the brjttom of the 
pulleys') is one^enth that of the dLstance frr^m center 
to center of the shafts and the tairt portion of the rope 
stretched aenoss the top of the pnlley^. With obliqae 
driving the same taidaieies do not pnivaH. 

Angular Ihitiug, — ^There is no claa* of poTr-^^r tran.-?- 
mission which lends rti»elf better to the tr«^tm*ri:t of 
what may be conswiered awkward condltl'-jiis tLan rope- 
driving: With the ai*i of ^nfde pnlleTs any ar.gle ziiT 
be negotiated or comer trim^ 

Shafts SlightJff Oh^ of AU^mmf.n.L—^9^hjP^ scafts xr^ 
only dUAHj oat of tdlgm.rcf-z.* roce* wfl *ilr^^z zt^n^ 
•rfves wxthonit the aSi of gul^ie poUeyst b^K ti? wau 
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extent this angularity may be carried depends largely 
upon center distances and pulley diameters. For ex- 
ample, imder what may be considered good conditions 
— say with centers not less than three times the average 
diameter of the pulleys — a deflection of 7° might be 
ventured upon. Should the angle of deflection from the 
parallel prove too great to be treated in the above men- 
tioned manner, the drive may be split up into two or 
more spans by the introduction of intermediate shafts 
and the angle divided between them. An angle of 15^ 
was thus successfully negotiated. It should be stated 
that the grooves in all the pulleys were turned to an 
angle of 50°, and rather more rope applied than would 
be considered necessary under ordinary conditions. 

Grooves. — The fact that when loads are constant the 
trailing span curves by its own weight down upon or 
away from the pulleys, according to the direction of ro- 
tation, and is ejected, so to speak, without any disturb- 
ance or apparent effort, also that a cotton rope may be 
])ressed as tightly as possible round the entire circnm- 
fcronce, and will yet fall away immediately the ends are 
libtM'ated, pretty conclusively demonstrates the futility 
of seeking easement in curvatures to match in some 
inensiirt^ the roimdness of the rope itself. 

AiHjular Grooves. — Curves being disallowed, there 
remains only the angular groove. Undoubtedly, every 
lope has its most suitable groove angle, but as the pro- 
\iJinir of a range of templates to agree with every ad- 
\:UUM^ in si/.t» would, perhaps, prove more inconvenient 
\\\f\\\ {hlvanlagiunus, two leading angles have been fixed 
N\\s^n for all driving ropes, viz., 40° for those above 
^^', \^u \\\ diameter, and 30° below that size; except- 
^^^)^. however, the small bands used for driving? cotton 
VM.IV'luMerN v;\y. ^^ in. in diameter and even less, when 
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angles as sharp as 15° are brought into requisition. In 
setting out a groove it should always be borne in mind 
that a rope is to all intents and purposes an elastic wedge, 
and reaches its highest driving capabilities when it is 
compressed to the shape of the groove itself. This 
form ought, therefore, always to be anticipated, for if 
the sides of the groove are merely shown as tangents 
to the circle representing a given diameter of rope, 
there is always the danger of making the groove too 
shallow, so that when compression takes place the rope 
is liable to find its way to the bottom, or, what is almost 
as detrimental, work upon the semi-circle with which 
grooves generally terminate, when grip is considerably 
weakened and slipping supervenes, the true indication 
of which is heated pulley-rims. 

Flangeless Grooves. — Finding that superposed flanges 
do not contribute in any way to better transmission, 
but rather prevent the rope falling direct into its work- 
ing position if the driving is at all unsteady, besides 
crippling any extension in the direction of a larger 
diameter, many manufacturers are now adopting flange- 
less grooves, which are set out in precisely the same 
manner, only that the angles are extended and simply 
rounded off at the terminals. 

Driving Ropes, — ^Many and various are the materials 
which have been pressed into the service of the rope- 
maker — an almost infinite variety of fibers, through the 
whole range of hemps and flaxes, from the coarse- 
grained manila to the silk-like ramie, and finally cotton. 

Manila. — Owing, it may be conjectured, to the fact 
that rope driving was cradled in what may be styled 
the home of the manila trade, that material gained for 
a time precedence above all others, and, ff merely judged 
on the lines of resistance to tensile strains, would still 
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contact where the strands impact with each other. The 
lubricant should, however, be applied sparingly, and 
only at long intervals, unless the ropes are working in 
an uniteually dry atmosphere. Greasy compounds 
should be avoided, as they will tend to induce, slipping. 
When rop6s are inclined to slip, due to an over-dose of 
grease, a liberal application of whiting will absorb the 
grease, and then fall away in flakes. 

A good lubricant for rope drives is composed of sa- 
ponified tallow, wax and plumbago. 

WHEEL GEARING. 
General. — Toothed wheels are employed where motion 
has to be transmitted with accuracy. The teeth should 
be formed so that the friction between them shall be the 
least possible. The diameter of the wheels is measured 
at the pitch circle. The distance from the center to 
center of the teeth measured along the pitch circle is 
called the circular pitch, or commonly the ** pitch.'' If 
D be the diameter of the pitch circle of a wheel, N the 
number of teeth, and P the pitch of the teeth, then 
D X 3.1416 = N X P. The ** diametral'' pitch of a wheel 
(used chiefly in smaller sizes) is the length bearing the 
same proportion to the circular pitch that the diameter 
of a circle bears to the circumference. Therefore if P is 
the circular pitch, p diametral pitch, D diameter of pitch 
circle, and N the number of teeth, we have j 

3.1416 D 
Circular pitch =:P = = 3.1416 p 

N 

P D 

Diametral pitch = P = = — 0.318 P 

3.1416 N 
— 0.318 P 



F 



PXN ■ 

f pitch cirele. . =D=N p— — 0.318PN ■ 

3.1416 H 

3.1416 D D ^M 

terth =N = — = — ^1 

P P ■ 

owing t«blp gives the diametral pitches eor- ^^ 



Nutnlw of teeth. . 

The following t«blp gives the diametral pitches 
responding to circular pitch««i from i|> in. to 1: 

TABLE 28. 
Cknbr Dii««r*t CiipiUi DUnietra 



(t.K>49 
1.1141 



1.750T 
1.9099 
2,0891 



1 



The so-called tliaiiietral piteli adopteil by Messrs. Brown 

1 
and Sharpe, is the reciprocal of the foregoing, or — . 

P 
For this method of computing the diametral pitch, 
the following tables will be of aerviee. The first gives 
the equivalent diametral pitches for circular pitches of 
from 2 to tV '°-; ^^^ ^^'^ second the equivalent cir- 
cular pitches for diametral pitches of from % to 60. 
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ProportioTis of Teeth.— The ordinary proportions of 
the teeth and arms of spur and bevel wheels in terms 
of the pitch are given in Fig. Ill, In this case: 

Thickness of teeth — 0.48 pitch. 

Space between teeth = 0.52 pitch. 

Length of teeth from pitch line to point ^^ 0.3 pitch. 

■Length of tooth from pitch line to bottom of tooth = 
0.4 pitch. 

The following proportions are given by Unwin a 
preferable to the foregoing: 



. -mM.hi -lis MILLWRIGHTS 

0.47 P — 0.02 to 0.48 P — 0.03 
..... - 0.53 P + 0.02 to 0.52 P + 0.03 

zz 0.06 P + 0.04 to 0.04 P + 0.06 
, .. ,i ill..'. = 0.3 P to 0.35 P 

... .i :iii.-. =0.35 P-^ 0.08 to 0.4 P + 0.08 
,:. : "^111..= 0.65 P + 0.08 to 0.75 P + 0.08 

. t-rtii is a matter in which much varia- 

I laeiiee, the present tendenc}^ being to 

■I lii rhiin in the older practice. Though 

.^..•.> '.f.inng surface, the teeth are less liable 

. ^ :i;« ii :s an important point in high-speeded 

;. ->iiva»;>cd wheels. The old proportions for 

■ ^.li, Mi'luding bottom clearance, gave 12/15 

:. '\ itii liigh-speed wheels doing heavy work, 

.i. ii. The proportion, 7/10, is better. Dur- 

.lis several engineers have recommended 

.! ' liio :"«)r heavy mill wheels, that the depth 

\ . «iL 'Uie-half the pitch. 

■ '. ..N-. Helical wheels are a legitimate de- 

i« stopped gears, the object of which is 

.» Miding action of the teeth. Thus in a 

.1- oral arc of contact, which measures 

Ni^iiiig, is divided between several short 

i^ ^i id! rig on each is reduced to 

Vrc of contact 



lumber of teeth 

s simply one in which the steps merge 
, rul as the ])oints of contact change 
= 10 entire tooth plank, there is no 
V X ''.tply rolling. The double helical 
.. ■ vHHler to balnnce the lateral forces 
..v/ '.' ]>ressnr(\ teniling to force the 
su.;;N't in single helical wheels. 
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Spiral ffears.^-Spiral gears bear a family resemblance 
to the helical gears. The difference lies in the direc- 
tion of their axes. They ^re both alike screw-gears, and 
must be so designed. But while the action of helical 
wheels is entirely rolling, that of screw-gears is wholly 
sliding. The difference is due to the different positions 
of the wheel axis, which in the first case are parallel, 
and in the second at right, or other angles. 

Worm-Gears. — ^Worm-Gears are particular applica- 
tions of screw-gears. The worm is a wheel having a 
single thread, or tooth of very short axial pitch. The 
teeth of the wheel in which it gears are short sections 
of threads of extremely long axial pitch. 

As in screw-gears, the action is wholly sliding. 
Double and treble threaded worms contain two and 
three screw threads. The axial pitch of the wheel teeth 
is much shorter, and the angle., or slope, greater than in 
those which gear with a ^ngle threaded worm. That 
the wheel teeth are short lengths of spirals of very long 
axial pitch is clearly evident in the case of straight 
wheel teeth of uniform section set diagonally on the 
rim, but is not so clear in the case of teeth which 
are cut to envelop the worm tooth. The latter is the 
proper form for the best results, especially when heavy 
gearing is in question, though light wheels of small 
pitch may be formed by the first method. 

Wheel Arms. — The shapes of arms of wheels are 
settled more by convenience of manufacture than by 
any hard and fast rules. The strength is generally 
much in excess of that of the teeth, in order to absorb 
vibration. The arms are of T orsc, or Q sections, the 
latter being chiefly used on change gears. T and + 
are employed mostly in pattern wheels, and = in thosf 



niiiiie by iiim-hiiie. while the simple disc is reserved foq 
lUMii.v wlieels in small diameter. 

yamber of Arms of Spur Wfteek.— Under 3 ft. diain- '. 
eler should be i; from 3 ft. to 8 ft., 6 arms; from over i 
8 ft. to 16 ft., 8 arms; from over 16 ft. to 24 ft., 10 j 
arms. 

Wheel Bosses. — Not the least important part of a ] 
wheel is its boss. These often cause fracture in conse- 
qnence of being too lai^e. The boss should never be \ 
heavy, especially when adjacent arms are light, and j 
extra metal around keys should bo provided. 

Strength of Spur-wheel Tecf/t.— Innumerable rules I 
have been formulated for the strength of the teeth of \ 
spur wheels, many of which give widely different re- I 
suits. Much of the existing confusion is due not only | 
to the various eMt.imates of the strength of the material, 
and the allowable factor of safety, but also to the man- 
ner in which the load is taken to fall on the teeth. It 
is frequently assumed that the tooth is liable to fracture 
across the comer, in which ease only a portion of the 1 



breadth of the tooth equal to the length X ~ — ought ' 

to be considered as available. No doubt this condition 
may he justly assumed with roughly-cast gearing, or 
when the axes of the wheels are not exactly parallel or 
the bearings rigidly fixed, as well as in the case of 
crane gearing, or in gearing subject to shocks or rough 
usage. For well-made machine-moulded, or cut wheels, 
such as are now very generally used for main-driving 
gear, however, the teeth may reasonably be assumed to 
have a fairly even bearing throughout the whole of their 
length. 
Taking a tooth of ordinary proportions, and making 
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a suitable allowance for wear, we have, if the stress on 
the material is taken at about 1,500 lbs. per square inch, 

DpbN 

H. P. = , 

1000 

in which H. P. = horsepower ; D the diameter of the 
wheel in inches ; p the pitch ; b the breadth ; and N the 
number of revolutions per minute. It is assumed that 
one-half the load falls on each tooth, and that the teeth 
bear uniformly throughout their whole breadth. Table 
31, based on these assumptions, gives the horsepower 
per revolution and per inch of width of spur wheels. 

Weight of Spur-wheel Castings. — 

P2 X N X B 
W = , 



c 

where P = pitch in inches ; N = number of teeth ; B =r 
breadth in inches ; W = weight in cwt. ; C = constant, 
which up to 2 in. pitch =: 270 ; from 2 in. to 3 in. = 
250 ; from 3 in. to 4 in. ^ 245. Roughly, the weight of 
an iron casting equals fourteen times the weight of pat- 
tern. 

Wheel-gearing Constants. — Table 32 of constants (C) 
will be found of service in calculations involving the 
pitch P, number of teeth N, and radius of pitch circle 
R, of spur wheels. 

R R 

R = C X P. P = — . C = — . 

C P 

Examples. — Find the radius of pitch circle of a spur 
wheel having 45 teeth 1%-in. ^litch. 
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At the intersection of lines 40 and 5 in Table 32, we 
find the constant 7.16. Then 7.16 X 1.75 = 12.53, or 
25 in. diameter. 



TABLE 32.— TABLE OF WHEEL-GEARING CONSTANTS 


. 


N 


' 

1 


[ 1 1 

1 


2 

1 


3 4 

1 


5 l' 6 


7 I 8 


9 





0.00 


0.159 0.3181 0.477 


0.637 


0.796 


0.955 


1.114 


1.273 


1.43 


10 


1.59 


1.75 


1.91 2.07 


2.23 


2.39 


2.55 


2.71 


2.86 


3.02 


20 


3.18 


3.34 


3.50 


3.66 


3.82 


3.98 


4.14 


4.30 


4.46 


4.62 


30 


4.77 


4.93 


5.09 


5.25 


5.41 


5.57 


5.73 


5.89 


6.05 


6.21 


40 


6.37 


6.53 


6.68 


6.84 


7.00 


7.16 


7.32 


7.48 


7.64 


7.80 


50 


7.96 


8.12 


8.28 


8.44 


&59 


8.75 


8.91 


9.07 


9.23 


9.39 


60 


9.55 


9.71 


9.87 


10.03 


10.19 


10.35 


10.50 


10.66 


10.82 


10.98 


70 


11.14 


11.30 


11.46 


11.62 


11.78 


11.94 112.10 


12.25 


12.41 


12.57 


80 


12.73 


12.89 


13.05 


13.21 


13.37 


13.53 


13.69 


13.85 


14.01 


14.16 


90 


14.32 


14.48 


14.64 


14.80 


14.96 


15.12 


15.28 


15.44 


15.60 


15.76 


100 


15.92 


16.07 


16.23 


16.39 


16.55 


16.71 


16.87 


17.03 


17.19 


17.35 


110 


17.51 


17.67 


17.83 


17.98 


18.14 


18.30 


18.46 


18.62 


18.78 


18.94 


120 


19.10 


19.26 


19.42 


19.58 


19.73 


19.89 


20.05 


20.21 


20.37 


20.53 


130 


20.69 


20.85 


21.01 


2L17 


21.33 


21.49 


21.65 


2r.80 


21.96 


22.12 


140 


22.28 


22.44 


22.60 


22.76 


22.92 


23.08 


23.24 


23.40 


23.55 


23.71 


150 


23.87 


24.03 


24.19 


24.35 


24.51 


24.67 


24.83 


24.99 


25.15 


25.31 


160 


25.46 


25.62 


25.78 


25.94 


26.10 


26.26 


26.42 


26.58 


26.74 


26.90 


170 


27.06 


27.21 


27.37 


27.53 


27.69 


27.85 


28.01 


28.17 


28.33 


28.49 


180 


28.65 


28.81 


28.97 


29.13 


29.28 


29.44 


29.60 


29.76 


29.92 


30.08 


190 


30.24 


30.40 


30.56 


30.72 


30.88 


31.04 


31.19 


31.35 


31.51 


31.67 


200 


31.83 


31.99 


32.15 


32.31 


32.47 


32.63 


32.79 


32.9o 


33.10 


33.26 


210 


33.42 


33.58 


33.74 


33.90 


34.06 


34.22 


34.38 


34 54 


34.70 


34.85 


220 


35.01 


35.17 


35.33 


35.49 


35.65 


35.81 


35.97 


36.13 


36.29 


36.45 


230 


36.61 


36.76 


36.92 


37.08 


37.24 


37.40 


37.56 


37.72 


37.88 


38.04 


240 


38.20 


38.36 


38.51 


38.67 


38.83 


38.99 


39.15 


39.31 


39.47 


39.63 


250 


39.79 


39.95 


40.11 


40.27 


40.42 


40.58 


40.74 


40.90 


41.06 


41.22 


260 


41.38 


41.54 


41.70 


41.86 


42.02 


42.18 


42.34 


42.49 


42.65 


42.81 


270 


42.97 


43.13 


43.29 


43.45 


43.61 


43.77 


43.93 


44.09 


44.25 


44.40 


280 


44.56 


44.72 


44.88 


45.04 


45.20 


45.36 


45.52 


45.68 


45.84 


46.00 


290 


46.15 


46.31 


46.47 


46.63 


46.79 


46.95 


47.11 


47.27 


47.43 


47.59 



Find pitch of teeth if R = 20 and N = 93. The con- 

E 20 

stent for 93 = 14.8 and P = — = = 1.35 in. 

C 14.8 

Find number of teeth when R = 32 and P = 2 in. 

R 32 
We have C:^ — = — = 16, and reference to the table 

P 2 

of constants shows that the nearest number correspond- 
ing to this is 16.07 at the intersection of 100 and 1 am 
therefore N = 101 teeth, 
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CENTRIFLGAL FORCE IN Ltl. 


OF A 


WEIGHT OH 




1 LB. AT VARIOUS SPEEDS. 


"Dta~ 




of 


Revolulioiu pet Minute. 




100 1 aoo 1 300 1 400 


500 1 BOO t 700 t 800 1 BOO 




l.TO 


6.81 15,32 
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42.r* 1 fii,:f 1 !«.j;i |i(«.i)T 
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20tL»U 




5:41 


13.IB 3a«o 


m:4» 
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SQUARE AND CUBE ROOTS 



SQUARES, CUBES, SQUARE ROOTS AND 

CUBE ROOTS. 









Sq-jart 


C^bf 








Square 


Cube 


No. 


'""■" 


Cube. 




"v' 


No. 


SquiK 


Cubt. 




Koo. 


~^ 


~ 


1 


™ 


^ 


"i 


2601 


132551 
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7-211 


ii 




9 


27 
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5' 
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1574 4 
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y, 
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81 
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3-E92 
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164 
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1 


21 
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1 


44 


1728 


■ibi 
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62 














2197 
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:35i 


(.'. 
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96 


2744 


■741 






4096 


262144 


8-000 




1 


225 




■872 


















40% 


■000 


^5 




4355 


287495 


8-124 


4-041 


1 








;67 




4483 


300763 


8-185 




1 


324 














8-246 


4-081 








■358 




69 


"Z^i 


335509 


8-305 


(;101 








■472 


2-m 


70 


4B00 


343000 


B-3l5 




2 




















22 


m 


1064B 


■690 


■BOZ 


72 




373248 


8-485 


4160 








■795 


•843 




5329 


339017 


8-544 


4179 






13824 




;a84 












2 




156SS 


■soo 




75 


6525 


421875 


8-50 


4 217 






17576 




:»a 




5775 




8717 


4-S36 
























7S* 


21952 


■SI 


OK. 


78 


6084 


474552 


8-331 


4-272 






B4J89 


'385 


;o7a 


79 


6241 


493039 




4290 
























961 


29791 


■667 


141 




6561 


531441 


9-0O0 


4^326 




024 


J376a 


■655 


'174 




6724 




9055 










■T44 














S 


156 


i9J04 


■830 


■239 






11 


9-155 


4379 


12S5 


42875 


■916 


;271 


85 


7225 


8-219 


4 396 




296 
















4 414 


37 


369 


50653 






87 




6ie',03 


9-SZ7 


4431 


38 


444 


S4872 


■164 


■3^1 


88 


7744 


681472 


9,-380 


4447 


39 


531 
















4 464 


*a 


600 












729000 


9-486 


4 480 


41 


6S1 




■403 






a 


J53m 


9-639 


4497 


4Z 


764 






;476 








4^514 


43 


SO 


79507 










801557 




4530 


44 


936 


85184 


6^633 


■5S0 


9-1 


BB3^ 


830.84 


9-595 




45 


2025 




6-708 


;S5i 












46 


£116 












884736 


9-797 


4 678 


4T 


2209 


103823 


6-B^ 






9409 


912673 


9-848 


4'5« 


4a 


2304 


110592 


^28 


■634 


98 


9604 








49 


3401 


















» 


m. 


125000 


m 


'684 


100 


loooo 


HKMCO 


10-000 


4-641 



HANDBOOK FOR HILLWBIOHTS 



SQUARES. CUBES, SQUARE ROOTS AND 
CUBE ROOTS. 
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SYSTEMS OF LUBRICATION. 

' Chain or Ring System. — The main defect in this 
method of lubrication is that through neglect the oil 
is liable to become loaded with dirt and foreign matter 
to such an extent that it ceases to lubricate the bear- 
ings unless it is all drained out, and fresh oil put in 
every week or two. If this is done, the bearings may 
be fairly well lubricated by the use of this system. 

A Cin^ulating Oil System, — ^What is needed to secure 
a perfect system of lubrication is a continuous feed 
arrangement, either sight or forced, from a central 
reservoir, the oil being piped to each bearing in such 
a manner that the flow of oil ceases when the motion 
stops, and commences automatically again as soon as 
the machinery begins to move. The principal elements 
in a system of this kind are found to be oil pipes con- 
necting each bearing with a reservoir of oil, to which 
flows all the oil from each bearing in the mill, but 
passing through a good oil filter while on the way from 
bearing to reservoir. 

All the metal particles and other foreign matter are 
thus removed from the oil which is then raised from the 
reservoir by means of a small pump, a certain quantity 
being permitted to pass through sight-feed oil-cups into 
pipes leading to the several bearings in the mill. The 
surplus oil which is raised by the pump, and refused 
by the several sight-feeds, flows back again into the 
reservoir, from which it again passes through the pump 
as described. When the machinery stops, the pump 
stops also, and lubrication ceases as soon as the small 
quantity of oil adjacent to the sight-feeds flows back to 
the reservoir. 

The oil being filtered perfectly clean, there is noth- 
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ing to stop up tiie aight-feeda and they require verj 
little attention after hHving once been set for the amoontl 
of pil required by each bearing. As the amount thus 
sent to each bearing is always to be an excess of the 
quantity required, the sight-feeds are easily adjusted, 
and they remain in adjustment for a long time. This i 
sj-s'tetn is very easily applied to ring or chain oiling ' 
bearings, nothing being necessary except to connect the J 
supply pipe through the usual oil-filling hole, then to i 
tap in an overflow or return pipe by means of which 
the surplus oil is carried back to the reservoir. 

To connect up rigid flat boxes, and that style of bear-il 
ings, it is necessary to pipe the oil into the oil-hole,l~ 
then add a drip pan under the bearing and eonnecE^ 
each drip pan with a return pipe to the oil reservoir . 
to carry haek the surplus oil. Fast running bearings 
must have oil collars attached in order that the oil i 
not run along the shafts and sneak away past the added 1 
drip pans. But as most machines containing fast run- ] 
ning shafts are made with the necessary oil collars, the 1 
problem in that direction is not a serious one. 

Grease for Lubric(itio}i.~While grease is not alto- J 
gether suitable for lubricating machinery running at ] 
high speed, it is well adapted for use on slow moving i 
journals. For elevators, conveyors, and for all jour- 
nals where there is more or less dirt, grease is desirable j 
for purposes of lubrication. 

In case of ordinary grease lubrication, the grease j 
should be contained in a .screw grease-cup. and by screw- ] 
ing down the cover of the cup. a portion of the ^ 
is forced through the regular nil passage into the bear- [ 
hig. It would seem at first sight as if this were a very j 
ptiiu' method of lubricating, hut upon closer observe- | 
tiiui there appears much to commend. The lubrication ^ 
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is positive; the grease must go directly into the bear- 
ing as it can escape in no other way. An excess of 
grease will, if forced into the bearing, find its way out 
at the ends of the journal, and from rings 6r ridges 
around the shaft, effectually closing the openings to the 
entrance of sand or other dirt which may be adjacent 
to the bearing. Thus the grease-cup protects the bear- 
ing from sand in the case of elevators and conveyors. 

A quantity of grease piled up at the ends of the bear- 
ing tells the oiler that too much grease is being used, 
and he will not force through as much on his periodical 
oiling trips. The worn-off metal is forced out of the 
bearing with the grease which is displaced daily by the 
fresh supply from the grease-cup, hence the bearings 
are kept clean and do not become filled up with worn- 
off shaft or babbitt metal. Should the shaft or the 
bearing become hot, the heat will be communicated to 
the grease in the screw-cup, and the expansion of the 
mass by heat will cause an extra portion of lubricant 
to flow into the bearing, thereby supplying the lacking 
lubricant and cooling the heated bearing to normal tem- 
perature. Grease lubricating also prevents the waste of 
oil so often seen where periodical or squirt-can lubrica- 
tion is employed. The oiler cannot waste grease unless 
he does it on purpose, for he cannot pour one drop in 
the oil-hole and ten drops outside of the hole as is so 
often done when chasing the squirt-can. Taken all in 
all, grease lubrication is a good thing for slow-moving 
machinery, and the millwright is safe in using that 
method of lubrication on all bearings running less than 
150 r.p.m. 

Best Lubricants for Various Purposes, — According to 
tests made by Prof. Thurston, lubricants are listed as 
follows : 
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Low temperatures. — Light mineral lubricating oils. 
• Very great pressures, slow speed. — Graphite, soap- 
stone and other solid lubricants. 

Heavy pressures with slow speeds. — The above, and 
lard, tallow and other greases. 

Heavy pressures and high speeds. — Sperm oil, castor 
oil and heavy mineral oils. 

Light pressures and high speeds. — Sperm, refined pe- 
troleum, olive, rape, cotton-seed oils. 

Ordinary machines. — Lard oil, tallow oil, heavy min- 
eral oils and the heavier vegetable oils. 

Steam cylinders. — Heavy mineral oils, lard, tallow. 

Watches and other delicate machinery. — Clarified 
sperm, neat's foot, porpoise, olive, and light mineral 
oils. 

For mixture with mineral oils, sperm is best, lard is 
much used, olive and cotton-seed are good. 

Cold Tests of Oils. — One of the most important fea- 
tures in the selection of lubricating oils is the lowest 
temperature that the oil will stand, and still remain 
fluid. The determination of this property of oil is 
termed the cold test, performed as follows: A small 
quantity of the oil to be tested is placed in a glass jar, 
or large-mouthed bottle which is then packed in a mix- 
ture of ice and salt until the oil solidifies. The bottle 
is then removed from the cold pack, and the oil al- 
lowed to soften, being stirred constantly, while at the 
same time a thermometer is inserted, and the tempera- 
ture at which the oil again runs is noted. 

Efficiency of Different Systems of Luhrication, — Fric- 
tion varies considerably with the method employed to 
lubricate bearings. 

The friction-reducing efficiency of several different 
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modes of applying oil to bearings, is given in the fol- 
lowing table: 

EFFICIENCY OF DIFFERENT SYSTEMS OF LUBRICATIQN, 
AS SHOWN BY THE FRICTION OF THE JOURNALS OF 
A STEEL SHAFT REVOLVING IN BEARINGS OF GUN- 
METAL^ LUBRICATED WITH THE SAME KIND OF OIL 
APPLIED IN DIFFERENT WAYS. 



Co-efficient 
System of Lubrication, of Friction. 

Needle-lubricators .023 

Intermittent, or ordinary oil- 
ing, average best results 

with 

Intermittent or ordinary oil- 
ing by hand with an oil- 
can, average results with. 



.025 



.050 



Co-efficient 
System of Lubrication, of Friction. 

Forced lubrication 003 

Oil-bath-lubrication 004 

Splash -lubrication 005 

Saturated oil-pad lubrica- 
tion 014 

Self-lubricating bearings 016 

Syphon oil-lubricators 018 

Sight-feed lubricators 020 

EflScieijt lubrication is best obtained by applying the 
oil through three oil-holes, one being placed at each 
side and another at the center of the bearing. 

Lubricants for the Bearings of the Journals of Shafts, 
— The viscosity or body of an oil represents its fluidity, 
and is the measure of its resistance to being squeezed 
out of a bearing. The greater the viscosity the less is 
the liability to being squeezed out. The viscosity of 
oils varies considerably, but at a temperature of 65° 
Fahr. it is frequently as follows: 



Viscosity Compared 
with that of 
Sperm Oil. 

Sperm Oil 1.00 

Light mineral oil 1.70 

Cotton-seed oil 1.90 

Olive oil 2.00 

Lard oil 2.20 



Viscosity Compared 
with that of 
Sperm Oil. 

Rape oil 2.30 

Neatsfoot oil 2.40 

Tallow oil 2.50 

Heavy mineral oil 4.00 

Castor oil 23.00 



The viscosity decreases as the temperature increases 
up to 220° Fahr., when all these oils have nearly the 
saine viscosity. This shows the importance of keeping 
bearings cool, especially those using oil of full body. 

The best lubricants for the bearings of engines, shaft- 
ing and machinery, under ordinary working condition? 
are generally as follows: 



2Ah :xA>iniKH>K ?or ullj^bii^sts 



iri*»»i.ri^ i'. li*^ ■»iir:z.;5S 

>r»JUiunt m .li* nKirr^jea 

;3in«Q'..— m -he -eiir:iiJ5a 3Lipe iil xiaL Lartl oiL 




The aatnri* if :iie >*arni^-3ii;tsii is m important fee- 
tor in '*i*jiaoiniirai iiibrt-ariuii. It Tas njumi in the case 
rf ;i iif^v.lj loaiieti -Hiafr Thar ^ime DearLn^-^ni^tals re- 
quired mopf* oil than ithers "ro ifiaJTirain the same eool 
teTnp**ratnr»*. The r?ilanvp^ ?t)nsaniption of oil Igr differ- 
ent ty^arinflr-metala is in "Wme *as€a as billows: 



'Jt 'jil for an Equal 
Temp^rarure. 

d^.-ir-an Vann^ for the Journais it -ihafrs L'JU 

PfraM -.'?ar:n^jt *.>r rh** ;oumai-» ;f -iitafti. !)•> 

''/'ir -'•**:»■ '■.'•:ir:-:i<-« :'■%•' *."tt .■■,':r-.tl- ;r -aioir:? SI3 

^'.'■^0 ■'■'-- .r'>''./f. ','»a'r./i '■,- -': - .•:ur-:a.-i ' -.:a.r:5 .-^I* 

Th^ ^'onsTjrn prion of '/il by i-j^arin^ .>f hard^^ned »»ast- 
jrt^^l. for e^ju^lity of ternperatTire. is ijt^eniliv at lea^st 
twi/'jp, ag jfreat 'a% th^t of ^on-metal bearings. 

'Minf'ral Oxl of fine ^juality is very e^ei?tive in clean- 
ing rnfdfi], Hiid whfTi u.sed in e«>mbination v ith other 
oiI« HH a lubricant', it tends to maintain bearings clean 
flTirl trc^, from clo^j(in^. Il^^nce. mixtures of fatty oils 
nwl mineral oils are generally more efficient for the 
lubrieatioTi of tbe bearinj^s of the joiimaU of shafts 
than either of tbffse riils alone. The following mixtures 
of oilH form effieient lubricants for some bearings: 
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Description of Bearings. Composition of Lubricants 

For high-speed shafts with light Sperm oil 20 per cent., olive oU 30 

pressure on the bearings. P^^ ^^^^t.. and light mmeral oil 5J 

For low-speed shafts with light Olive oil 50 per cent., and light 

pressure on the bearings. mineral oil 50 per cent. 

For high-speed shafts with heavy Lard oil ^^ per cent., sperm oil 25 

pressurl on the bearings. P^J ^|^t' *"*^ ^^^^^ "'^^^^^^ °*^ ^^ 

For low-speed shafts with heavy Rape oil 50 per cent., lard oil 25 

pressure on the bearings. per cent., and tallow oil 25 per cent. 

r Sperm oil 35 per cent., rape oil 20 



For moderately high-speed shafts 
with very heavy pressure on the • 
bearings. 



For low-speed shafts with very 
heavy pressure on the bearings. 



f)er cent., lard oil 25 per cent., tal- 
ow oil 15 per cent., and fine plum- 
bago 5 per cent. 

Graphite-grease, composed of 25 
per cent, of tallow, 30 per cent, of 
palm oil, 33 per cent, of mineral 
oil, and 12 per cent, of fine graphite 
. or plumbago. 



The addition of graphite to lubricants reduces fric- 
tion, and diminishes the cost of lubrication. Graphite, 
grease and other thick lubricants are only suitable for 
the journals of shafts having considerable play in the 
bearings. 

Oils of inferior quality are not economical, and they 
sometimes contain acids which injure some metals, es- 
pecially those containing much zinc and lead. 

Heating of Journals and Bearings. — The heating of 
a revolving journal is produced by the friction of its 
surface on that of its bearing. 

The intensity of the pressure on a bearing surface 
decreases as the length of a journal increases; and the 
heating tendency decreases as the area carrying off the 
heat is increased. 

ERECTING STEAM ENGINES. 

The setting of a steam engine should commence with 
the building of its foundation. The design of the foun- 
dation should be broad enough at the bottom, where it 
bears upon the soil, to ensure that no tremble or shake 
will ever cause the foundation to settle in whole or ir 
part. The office of an engine foundation is threefold 
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or ill nthiT words it miist fill three requirements, either 
firtly or partially, according to the surronndings. Briefly 




stated, these three functions of tho engine foundation 
nre: 
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I. — To support the mass of , the engine at a given 
height or level. 

II. — To preserve alignment of engine with the main 
shaft. 

III. — To absorb vibrations of the moving parts of the 
engine. 

Construction of Engine Foundations. — The founda- 
tion is to absorb the vibrations of the engine. It is 
therefore necessary that it be constructed in a single 
mass, or at least be so connected that one portion can- 
not move independent of the other portions. For this 
reason it is Ijest to build the foundation of concrete in 
a single block if possible. A good, well built concrete 
foundation is preferable to any other kind, although 
brick or stone may be used to advantage if these mate- 
rials are cheapest. Where the importance of the struc- 
ture warrants it, small tunnels, or thoroughfares, should 
be made or left through the mass of the foundation by 
means of which access may be had to the lower ends 
of the bolts by which the bed-plate is bolted to the 
masonry (see Fig. 112). 

For small engines, footings of rough masonry or ash- 
lar may be used to distribute the pressure, and on this 
footing the foundation proper of brick may be built. 
The third plan is to make the foundation a monolith of 
concrete. Upon a proper footing to distribute the 
weight, a box of rough boards without top or bottom 
is laid, and within it successive layers of cement con- 
crete are thrown in and well rammed until the desired 
height is reached. When brick is used it should be of 
first quality, hand-burned, and laid in cement-mortar. 
Common lime-mortar is liable to crumble and disinte- 
grate under vibration, and the whole principle of th© 
foundation is to have it act as a solid mass. When ap- 
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I pparance is to be considered, the face of the brick foiin- 
F datioii may be made of face, or Philadelphia brick, 
[ while the interior is of ordinary grades. Since the bcd- 
[ plate is to be bolted to the foundation, the greatest care 
mitst be observed In locating the necessary bolts in 
their proper places. 

Footings Iq Prevent Vibration. — The mass which it 
is convenient to get in a vertical engine bed-plate is 
often not pnoiigh to provide for the absorption of all 
vibriition. The vertical engine, when chosen because 
floor-space is to be saved, does not call for extended 
area in the foiindation, so that sufRcient mass ean only 
be gotten by going deep. Where this is inconvenient, or 
ivhere rock is struck, engineers have had to provide spe- 
rinl footings to arrest vibrntion. It has been tried by 
Bouic to underlny the foundation proper with timber or 
rubber, but a springing material of a class to which these 
belong often caases the very difficulties they are de- 
signed to prevent. 

Vibration of niachinerv', or any solid substance is of 
two sorts : the material either swings crosswise aa in the 
vibrating string of a musical instrument or in a flap- 
ping belt, or the motion of the particles is lengthwise 
or parallel to their long axis. If the oscillation, or 
vibraling period of the material used as an absorber of 
vibration happens to coincide with the vibration period 
caused in the engine frame by the speed of reciproca- 
tion, or by the belt flap, the deadener partakes, and 
nuiltiplies the objectionable vibration. Probably no 
better material is to be found for the purpose of stop- 
ping vibration than sand, provided it can be kept dry, 
and all motion prevented, and the foundation-block it- 
self is of sufficient mass. The foundation pit should be 
dug two or three feet deeper, and two or three feet 



ENGINE FOUNDATIONS 253 

wider than the foundation proper is to be. This pit is 
surrounded with the proper sheathing to prevent the 
displacement of the sand, which is filled in two or three 
feet below the bottom of the foundation, and then 
around it on the sides as it is built up. Hair-felt or 
mineral wool layers have been used underneath the 
footing-course. But if the foundation-block is not mas- 
sive enough, these methods only serve to aggravate the 
difficulty which they are intended to cure. Very satis- 
factory results have been obtained abroad from the 
use of asphaltic concrete for massive footings. 

This material possesses a certain sort of elasticity with 
its massive character, and its period of vibration is so 
definite, and so much shorter than the period of the 
engine's vibrations, that the latter are broken up and 
neutralized before they reach the transmitting rock, or 
hard-pan. Most annoying vibrations are often caused 
in high-speed engines by the impact of steam in an ex- 
haust-pipe with elbows. The difficulty is intensified 
when there are water, or oil drops in the exhaust cur- 
rent. Their impact against the elbow which deflects 
them will set lengths of pipe a-tremble, and their mo- 
tion will be transmitted over a very extensive area. 

Foundation Bolts. — The bed-plate of the engine re- 
quires to be strongly and rigidly secured to the founda- 
tion in order that the latter may act with the bed-plate 
as one mass, and thus prevent the latter from moving 
on the foundation. 

These anchor bolts vary in size with the size of the 
engine, but they should never be of such small diameter 
that it can be possible to twist them off with an ordi- 
nary wrench. Common diameters of anchor bolts for 
engines of medium size are from 1% to lyo inches. 

The larger sizes of engines require 2-inch, bote, ^\v\\fc 
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for the Htnallrat sizes, %-inch bolts are sofiScimtlv 
BtroQic. if properly handled in screwing down the □ut:^. 
B^anlini; the lengths of anchor bolts, it is best to hav 
them I'Xtend all the way to the bottom of the founda- 
tion, if passible, in order that the upward strain upon 
them may be widely distributed in the foondation. 

The lo«-ation of these bolts in the foundation is de- 
tprniinwl by the holes in the bed-plate throngh which 
thoy are to pass. The typical bed-plate as a general 




rule has holt hob's at tlie cylinder end, In the feet, and 
tit tlu' t-rank shaft (see Fig. 112). The bolts, furtlier- 
tiioro. nn\nt be built into the foundation, and be of such 
li'iigth tliat when the foundation is completed, and the 
bi'd-iiljito pliii'ed upon it, the upper ends of the bolts 
will protrude tiimugh the holes in the bed-plate a sufG- 
I'icTit. distiiiice to receive the nuts which these upper ends 
are to carry. 

The metliod used to accomplish this Is illustrated in 
J-'i^. 113, whieh presents a typical arrangement for this 
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purpose. The wooden frame is called a template. It 
has holes made through it at points which correspond 
to the hole^ in the bed-plate, and when the nuts are 
in place on the upper end of the bolts the template is 
adjusted to the proper height above the datum plane, 
or plane of reference, and the foundation is built around 
the hanging bolts. The lower ends of the bolts are fitted 
with thread and nuts, on top of which rest the bearing 
or distributing • plates or washers of cast or wrought 
iron. The distributing-plate is to enable the effort of 
the bolt to be borne by a number of bricks without dan- 
ger of pulling through, and the nut and thread permit 
a vertical adjustment of the bearing-plate so that it 
shall come at the under surface of a joint in the coursed 
masonry. To permit of a certain limited horizontal ad- 
justment of these foundation-bolts, each bolt should be 
surroimded with a length of pipe reaching from the 
bearing-plate to the top of the masonry. The diam- 
eter of this pipe is so chosen that the bolt can be de- 
flected within the hole which the pipe makes, and after 
the bolt is in place and the alignment completed, the 
space between the bolt and the sides of the pipe is 
filled with concrete, and the position of the bolt is 
fixed. The template in Fig. 113 shows the anchor bolts 
for the outboard pillow-block attached to the principal 
template. This is usual when drawings of the template 
are furnished by the engine builder, and it is desired 
to make the foundation all in one block. 

In cases where the length of the engine shaft makes it 
desirable to have a separate foundation for the outer 
bearing, it is usually more convenient to work with an 
independent template. 

Constructing a template. — A template is usually made 
of %-inch boards fastened together with clinch wa\l«> 



or screws. P^ig. 114 shows a template layniit as ar-j 
ranged for an engine of the detached outboard pillow-J 
block type. 

Center line a, b. sketch A. is first drawn on a smootlt, 
floor or platform large enough to permit laying outM 
of the foundation full size. 

Shaft line b, c, is next, drawn exactly at right angleal 
to line a, b. Next lay off the distance b, d. equaling the I 




FIG. 114. 

space between the shaft line and the anchor bolt 
under the front end of the cylinder. 

Next find distance a, d. and lay it dowTi, locating 
the holes under the head end of the cylinder. The dia- 
tanees a. f. and a. g, locate the spaces between the , 
centers of the holes at f and g at a, and at d. 

Next locate the holes at h and i, on line e, also on 
line c, the latter being for the outboard pillow-block 
anchor bolts. 
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If there are to be othfer bolts in the foundation, they 
should be located as above. Some engines have an an- 
chored arm or bracket to carry the end of the rock 
shaft. When such a bracket is attached to the founda- 
tion, it should be located on the diagram. When dash- 
pots are used, they also should be located, and it is 
well to mark the diameter of the exhaust pipe where it 
drops below the floor level and a pocket or cavity inust 
be left for it in the concrete. These things are not 
shown on the diagrams either at A or at B. The mill- 
wright may mark or omit them as he chooses. One 
thing should always be marked, and that is, the center 
line and faces of the engine pulley, as at j, which indi- 
cates the center line, while k and 1 represent the faces 
or sides of the pulley. These lines are very convenient 
for locating the template when it is necessary to bring 
the engine to a pulley already located upon the main 
shaft. 

The diagram is now ready for the template which is 
to be built upon it. Procure some good sound lumber, 
white pine, spruce or yellow pine. Do not use white- 
wood, it warps too much. White pine is the best, but 
that is probably out of the question. Spruce will an- 
swer very well, and yellow pine makes a fine template 
but a very heavy one, as green yellow pine boards 1- 
inch thick weigh five pounds to the square foot. Use 
dry lumber. If necessary, dry it before making the 
template, for if green the template will not .remain ac- 
curate. Hemlock may be used, but it is not very de- 
sirable lumber. 

Have the boards planed on four sides if possible, on 
one side and one edge, anyway. It is possible to make 
a template from rough undressed boards, but it is not 
a desirable thing to do and the accuracy is apt to suffei 
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by 80 doing. Even with rough lumber, one edge of two 
boards must be jointed straight and placed one upon 
each center line as at m and n, sketch B, Fig. 114. 

Some mechanics construct templates with the center 
line drawn down the middle of one of the boards, but 
a better plan is to use the straight-edge of the board 
as the center line whenever possible, as there is no dan- 
ger of the line being rubbed out, which is likely to hap- 
pen when drawn on the board. Sketch B, Pig. 114,. 
shows plainly the method of constructing the template. 
The brace o should be carefully located and secured, in 
order that there be no shifting of the outboard pillow- 
block bolt holes. It should be noted that the brace, o, 
bears, or should bear firmly against the template at q 
and at r, the brace being carefully fitted at those points, 
then firmly clinch nailed or screwed as indicated in 
sketch B. The wheel location is shown at p, thus en- 
abling the template to be readily brought to the cor- 
rect point, and permitting the masons to see where the 
wheel is located, there enabling them to keep the foun- 
dation free from any possible interference with the 
lower rim of the wheel. 

Setting up a Template. — The template may be placed 
on ledgers supported by posts like ordinary batters, or 
the ledgers may be suspended from overhead. This lat- 
ter method is to be preferred, as it leaves the space 
around the foundation free from all timber or posts, 
which would interfere to some extent with the move- 
ment of workmen, and material. It is good practice to 
locate the under side of the template upon the finish 
level of the top of the foundation, thus allowing meas- 
urements to be taken from that surface. 

Alignment of the Template. — The foundation, or an- 
chor bolts bear a certain relation to the axis of the 
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cylinder. The axis, or center line of the cylinder must 
be in a plane truly at right angles with the center line 
of the crank shaft. If the engine shaft is to drive a 
line shaft by belting, or gearing, these two shafts must 
be exactly parallel. Hence it is of prime importance 
to have the cylinder axis perpendicular to the line of 
shafting, and the template which carries the anchor 
bolts must be very carefully placed or oriented with 
respect to these determining lines. 

The drawing furnished by the builder of the engine 
from which the template is to be made usually has on 
it. the center-line of the cylinder, so that it can be laid 
out upon the boards of the template. 

For the obtaining of the vertical plane through the 
cylinder-axis a line stretched over the foundation-pit 
and carried to suspended plumb-bobs is the usual de- 
vice. For laying off the center-line of shafting or wall- 
lines the expedient of snapping a chalk-line^ upon the 
floor is the most convenient. The centers of the shaft 
are transferred to the floor by plumb-lines, or offsets 
may be taken from permanent walls. Such center-lines 
having been established, the plane at right angles to it 
is established by points and lines using either a transit 
with graduated horizontal limb and making repeated 
readings, or by the ordinary geometric methods, or by 
the use of a massive T square whose head and blade ex- 
ceed six feet in length and whose squareness has been 
carefully verified. 

If a pulley or belt-wheel has been placed upon the 
line-shaft to which it is desired to draw a perpendicu- 
lar line, a most convenient method is to stretch a twine 
or fine wire across the diameter of the pulley as nearly 
as the shaft will permit. With pulleys which have been 
turned, the edges of the face determine a plane perpen- 



I 



diedkr to the sxh. as that ibe Unac sinig toorinng the 
bee at one poiat will cahr toodi the &ce at a point on 
the othi^r Mt of thr abaft whts dw further enJ ot 
the Hrine lies in a piane whkk ia papendicular to tfa« 
axis. Thia lune mrthed ti a vnj eoorenient one to 
extend for the pnrpoae of bringing two shafte parallel 
to eaxh other wberr both carry pnllcTS. 

Loc4Uing the Bed-piate om (*# Foumdation.—Tbe foan- 
datioD being mnupleted. the bed-plate is to be lifted apon 
it and dropped into piatv with th« bolts passing up 
through the boles in the bed-plate. Where cranes or 
•umilar lifting applianres are a feature of the power- 
hoofie e<]uipment this process betimes simple. In their 
ab«eiioe the bed-plate most be lifted by jaoks and block- 
ing high enoagh to clear the bolts. It must then be 
rolled on skids Into place by the successive withdrawing 
of the blocking. 

The masons or bricklayers who have built the founda- 
tion do not usually have appliauces for working to as 
C'loKO dimensions or as aet-urate levels as the setting of 
the engine requires. Furthermore, the top of the foun- 
dation i» rarely a true plane, while the bottom of the 
bed-plate is very nearly a plane as a rule. It is neces- 
(tary, therefore, to make a joint between the bed-plate- 
and tilt" rniiHonry work which shall support the bed- 
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(ilatu all over and 



, plane as nearly level as it ean 



lie made, This process is so much easier when the brick- 
work or jointed masnnrj- ia cover&d by a single flat 
rftp-*(1oini, that where the dimensions of the foundation ■ 
permit its use is to he preferred. It is usually a sawed ' 
or planed alab of hluestone or flagstone from four to'' 
Mix iiichi'H thick, iiiid a little larger than the fouuda- 
linii pier lo which it serves as a tinish or coping. The 
liiilcn for till' foundation bolts must be drilled in it, and 
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it is lowered to its place upon a good bedding of ce- 
ment. In the absence of such a cap or coping the bear- 
ing of the bed-plate comes upon a surface which is 
full of joints. The bed-plate is lowered over the foun- 
dation bolts, and rests upon thin flat shims, or wedges 
of metal, which are placed on each side of the bolts be- 
tween the bed-plate and the foundation. The nuts of 
the bolts are then screwed home, compressing the shims, 
while the bed-plate is carefully levelled as the strain is 
taken at each bolt. By driving in or loosening the 
shims any distortion or warping of the bed-plate by 
the bolts is prevented, and the bolts are tightened home 
until they refuse to go further. 

The bed-plate is now rigidly bolted to the founda- 
tion and rests upon a number of points in a plane. Be- 
tween the bed-plate and the foundation is a space be- 
tween the shims equal to their thickness, and this joint 
requires to be filled. The materials used for this pur- 
pose in setting a bed-plate and making the joint are 
five. They are methods applicable to the setting of 
any machinery. 

1. Shredded oakum may be driven into the joint with 
a chisel, as the seams of wooden vessels formerly were 
calked. This makes an elastic joint, but it lacks per- 
manency. 

2. Felted hair is used in the same way and has the 
same properties. 

3. A rust-joint, as it is called, may be used. This 
is made by taking a thin cement grout into which cast 
iron borings or chips are introduced with a little pow- 
dered sal ammoniac and flour of sulphur. A dam of 
putty or clay is made around the outside of the bed- 
plate, and this mixture run into the joint and well 
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worked in with a trowel. The rusting metal unites the 
mixture to the iron, and the cement to the stone. 

4. The sulphur-joint. This is one of the most widely 
used methods for bedding the engine. A clay or putty 
dam is made around the bed-plate, and the ordinary 
roll sulphur melted in an old kettle and poured into 
the joint between the bed and the masonry. It ex- 
pands on solidification somewhat like ice to fill every 
interstice and give full support to the bed-plate. It 
undergoes no deterioration from oil or vibration. If 
care is not taken in melting the sulphur, it will be- 
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FIG. 115. 

CHECKING ALIGNMENT OF ENGINE SHAFT. 



come too hot and begin to oxidize, giving off an offen- 
sive gas. Sulphur in melting becomes fiuid at a com- 
paratively low temperature, becomes more viscid as the 
temperature rises, and passes to a second fiuidity just 
before it is ready to burn. 

5. The type-metal joint. Advantage is taken of the 
property possessed by certain antimony alloys (such as 
Babbitt, type metal, etc.) of expanding at the moment 
of solidification to use them for bedding or jointing 
bed-plates. The method of using them is the same as 
that practiced with sulphur, and they are preferred by 
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*^A5>lj*t=>^: ■>£ iiK zrv: fci» c-f tbe cylinder after the 
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whoHe length Is the cylinder radius. The axis of the 
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in plaee in the bearing on the bed while the onter bear- 
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IK then turned until the crank coming towards its inner 




FIG. 116. 

iW\u\ iM'fit.t'r ioijcJu's the wire which marks the prolonga- 
tioti of the ryliruh'r axis. It will touch it at a certain 
HiMtiiiicr from the end of the crank pin, and from one 
(it* \\h colliirN. 

P'ij^. 115 will Herve to more clearly illustrate this 
iiiff hod oF iilij^nrnciit. The line drawn through the center 
nl' flio rylindcr is represented at a, b, while the center 
of the enj^in(? shaft is outlined at c, d. The crank be- 
in^ under the line a, b, the shaft is revolved until the 
eriink pin is hrouj^ht as close as possible to the line 
willnnit t<)U<'hiTifr. While in this position the distance 
lo the ilxe<l collars on the pin is measured with a steel 
Nrnl(\ or whh inside calipers. The line b should be 
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equidistant between the fixed collars on the crank pin, 
as shown at e. After getting this measurement, the 
engine shaft is again revolved until the crank-pin again 
comes almost to the line at f , where the distance from 
the line to each collar is again carefully measured, and 
if found exactly equal to the measurements taken at e, 
the shaft may be considered "square'* with line a, b, 
and also square with the cylinder. If the measurements 
at e and f do not agree, the outer bearing should be 
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FIG. 117. 

CROSS FOB CENTERING HEAD END OF CYLINDER. 

adjusted horizontally by means of the set-screws shown 
in Fig. 116, until the wire cuts the crank-pin at the 
same point, and in the same plane on both its outer and 
inner centers. Reference has already been made in a 
general way to the method of centering the line pass- 
ing through the engine cylinder. 

A wooden cross (see Fig. 117) is made as follows: 
Two pieces of board 2% or 3 inches wide, are halved 
together and screwed or clinch-nailed as shoT\Ti; then 
hole % inch or 1 inch in diameter is bored through i 
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I bit of tin or other thin met^, d, is tacked over the 
. and a small hole, e, jast the size of the line used, 
is pierced through the tin as shown. ' This hole is used 
an a (renter from which to strike the circle f g g g. wbieh 
is the exact diameter of the cylinder eoonterbone. A 
mark is made on each end of the wooden cross, as at g. g, 
then each arm i.f cut off exactly at the marks, as shown 
at f, thus lea^-ing the small hole, e, in the exact center 
of the wooden cross which in turn fits snugly into the 
cylinder eounterbore. 




Adjusting the Center Line. — The line, e d, Fig. 
consisting of a string or a wire, has been passed through 
hole e. Fig. 117, knotted, then threaded through the 
cylinder, from which it passes out by means of the 
rod hole and gland, as shown by Fig. 118, the free end 
of the line being attached to a target and pulled tight. 
The problem now becomes twofold. The line must be 
centered in the gland of the stuffing bos by means of a 
pair of inside calipers which arc applied as shown at 
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a, and also applied at b, the position of the engine bed 
being adjusted until the line c d lies as close to the 
center of the gland as human skill can determine. This 
is one part of the problem. The other is to maintain 
the line in its position in the center of Ihe cylinder, 
and at the same time so move the engine bed that the 
line a b shall be brought perpendicular to, or square 
with the main shaft line. 

Care should be taken, both in setting up the engine, 
and also in adjusting the main bearings, to see that the 
engine shaft is square, as above described, and that it 
remains so. 

Where adjustment is required the usual procedure is 
followed of correcting half the error and testing the 
alignment again. The outer pillqw-block is often made 
to rest upon a special foundation-plate which has pro- 
vision for the adjustment upon it of the bearing proper 
in the horizontal plane (Fig. 116). The vertical ad- 
justment otherwise is made either by shimming or fill- 
ing in with sulphur or type metal below the plate, and 
the last and finest adjustment can be made by liners 
underneath the bearing-brasses. The alignment of ver- 
tical engines is usually simpler than that of horizontal 
engines, because the bearings are always on the bed- 
plate and have been made right as to alignment by the 
builders in their shop-handling. The alignment in the 
erection of beam-engines is a simple and obvious exten- 
sion of the principles laid down above. The vertical 
cylinder-axis, and the vertical line through the center of 
the crank pin when the latter is at the top, and at the bot- 
tom of its travel, determine the vertical plane in which 
the beam must play, and the crank pin at its 90 degrees 
and 270 degrees point must remain in that same plane. 

The adjustment of the horizontal plane may be ef- 



268 HANDBOOK FOR MILLWRIGHTS 

feeted by a sensitive level if the engine has also been 
leveled in the plane at right angles to the cylinder- 
axis in setting upon the foundation. A more sensitive 
and satisfactor}'^ vertical adjustment of the out-board 
bearing may be accomplished by placing the crank pin 
at 90 degrees from its dead center, and holding a plumb 
line so as to touch the wire at the pin, then noting the 
distance of the vertical plane thus established, from 
the end of the pin, or collar. If the plumb line touch- 
ing the wire also touches the crank pin at the same dis- 
tance from the reference mark when the pin is at half- 
stroke below the wire, then the pin is turning in a verti- 
cal plane through the wire, and the outer bearing re- 
quires no vertical adjustment. 

Equalizing the Clearance. — The clearance at either 
end of the cylinder should be watched very closely while 
adjusting the main bearings. Not only should the clear- 
ance be equalized, but it should be kept equal, not only 
when adjusting the bearings, but when taking them up 
against ordinary wear. Place the main bearing, also 
the outboard bearing, in the center of the housing ; then 
test the clearance. This may be done in three ways, the 
first of which is to procure a bit of mirror — a pocket 
mirror will do and may be kept for the purpose — and 
prepare it by removing the silvering from a spot in the 
center of the glass about y^ inch in diameter. 

Then place a light close to one end of the cylinder, 
remove the plugs from the indicator holes, and witli 
the glass in front of the eye and .looking through the 
hole in the minor, throw a beam of light into the indi- 
cator pipe hole, and observe the distance between the 
piston and the cylinder head when the crank is on the 
dead center. iNIake a similar observation at the other 
end of the cylinder. Then if the two distances do not 
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correspond, they should be equalized by adjusting the 
quarter boxes in the main bearings until the distances 
between the piston and cylinder heads, at both ends 
of the stroke are exactly equal to each other. 

Another method of equalizing the clearance is as fol- 
lows: Insert in each indicator pipe hole, or in the 
cylinder drip holes if there are no indicator openings, a 
piece of soft lead wire or small lead pipe as large as 
will go into the openings in question. Turn the engine 
pulley until the crank has been on the center in either 
direction, then withdraw the pieces of lead and note 
if they have both been flatted to the same thickness. If 
they have not, move the shaft in the proper direction 
one-half the difference of thickness of the two pieces 
of lead. 

Care must be taken in flattening the pieces of lead 
not to allow them to project too far into the cylinder, 
otherwise the lead may be flatted out so wide that it 
could not be withdrawn through the indicator pipe 
hole. This would happen were the piston too close to 
one end of the cylinder. A little care in this direction 
will prevent fastening the lead in the holes. Sometimes 
when lead is not handy, a soft wood stick may be used 
instead. The flatting of the wood must be quickly noted, 
lest it springs back and leads the observer to believe 
that more room is present than really exists. 

Another easily applied method is to place the engine 
on the dead center, and test the distance of the piston 
from the cylinder head by inserting a thin wooden wedge 
through the hole for the indicator pipe, then withdraw 
the wedge, and caliper its thickness at the point where 
it touched both the piston and cylinder head. This 
.will show at a glance the clearance at that end of thf 
stroke, then by placing the engine on the opposite cent< 



and again insertiag the wedge, the clearance at the 
other end may be ascertained and comparisons and ad-, 
jiistments made. 

BOILER SETTING. 

It generally falls to the lot of the millwright to aupeP' 
intend the setting of the boilers, and in many cases thft 
installation of the piping also. Therefore a space shoulcl 
be devoted to a discussion of these two very important 
topics. 

Location. — Boiler location is one of the first 1 
which should be decided upon when a plant is projected 
It should proceed closely with the location of the en- 
gine and the other machinery in the mill. In fact, 
location of the power plant is one of the most vexatiouB 
problems of factory design. A balance must be strucll 
between the cost of generating steam and the tranami* 
sion of power; the matter of other steam consumptieBJ 
becomes a factor, such as heating the buildings, dryingi 
boiling, and other chemical and mechanical operations 

The efSeieney of a power plant depends a good deal 
upon the boiler, not only upon its efficiency a 
generator, but upon the location and manner in which 
it is erected. A boiler may be so set that a great deal ci 
heat is lost in the setting throiigh air inlets, cramped 
passages and poor heat circulation, if that term may I 
allowed. In addition, there may be serious losses dufi 
to improper location of the boilers. It may coat tOQj 
much to convey steam or power to the points of con- 
sumption, or perhaps the method of getting fuel to the 
boilers is a costly one. Again, the matter of removing 
ashes is difficult, or the boiler may be so located that 
repairs become a serious matter, even aside from th« 
cost of similar repairs tff other boilers. And when neW 
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boilers must be put in, the cost of removing the old ones 
and substituting new ones becomes as great or even 
greater than the original cost of the boilers when new. 
Setting. — In the following remarks concerning boiler 
setting, reference is had chiefly to the horizontal tubu- 
lar boiler. Owing to the many and varied styles of 
water-tube boilers no prescribed set of rules is appli- 
cable, each builder of this type of boiler having a set 
plan of his own for the brick work. In the case of in- 
ternally fired boilers the matter of setting resolves it- 
self into the simple point of securing a sufl&ciently 
solid foundation, either of stone or brick laid in ce- 
ment, for the boiler to rest upon. Concrete makes the 





FIG. 119. 

best foundation for steam boilers especially in cases 
where the nature of the soil is spongy or soft. In the 
case of installations where a number of boilers are to be 
set in battery, and the columns of the building are placed 
among the boiler foundations, it is necessary to place 
heavy, and absolutely safe foundations for the boiler 
walls in order to prevent settling. Eegular setting 
plans should be drawn, and followed in setting boilers. 
The boiler setting should in fact be laid out and squared 
with the building line, in the same manner as with the 
other machinery. 

Having laid out and staked off the ground on which 
the boilers are to stand, the next step is to roll the boilers 
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in plaire, jack tbem up a sufficient height, and build u 
<ipr and noar each enii a supporting crib-worli of bloeto | 
3 or 4 feet long by 5 or 6 inches square. Care should 
be taken in placing the boilers upon their temporarj- 
foundations nf blocks, to see that they are exactly in the 
plnccs they are- to occupy permanently, that is, so far as 
vertical and horizontal distances are concerned. 

Horizontal tubular boilers should always be set at 
least one inch lower at the back end than at the front, to 




make sure that the rear ends of the tubes will be covered 
with water so long as any appears in the gauge glass, 
provided of course that the lower eud of the glass is 
properly located with reference to the top row of tubes. 
Usually it is not necessarj- to excavate very deep for a 
boiler foundation. A trench a foot or so in depth, fol- 
lowing the outline of the walls and across where the 
bridge wall is to go. will be sufficient in most eases. 
The side walls, including the air spare, are about 30 
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inches, and the rear wall, 28 inches. The bridge wall 
is about the same thickness, and the front wall may be 
9 inches for a half arch front, or 16 to 18 inches for a 
full flush front boiler. 

BiLck Stays and Tie Rods. — After the concrete, or 
stone foundation has been laid, and before the brick 
work is started, the buck stays and lower tie rods should 
be located, and the latter placed in position. Boiler 
walls should always be well secured in both directions 
by tie rods extending throughout the entire length 
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FIG. 121. 

and breadth of the setting, whether there be one boiler 
or a battery of several. The bottom rods should be laid 
in place at the floor level when starting the brick work, 
and the top rods extending transversely across the 
boilers can be laid on top of the boilers. The top rods 
extending from front to back can be laid in the side 
walls or rest on top of them. All tie rods should be at 
least one inch in diameter, and for batteries of several 
boilers they should be larger. The rods should extend 
three or four inches beyond the brick work, with good 
threads and nuts on (»ach end to receive the buck stays. 



In laying down the transverse tie rods they should be 
located so aa to allow the buck stays to bind the brick 
work where the greatest concentration of heat occurs. 

In the case of the horizontal tubular boiler, there are 
two methods of support, one by suspension from I-beams 
and girders, to be described later on ; the other by sup- 
porting the boiler upon brackets or lugs, riveted to the 
side sheets, and resting upon the aide walla, and in suiih 
settings particular attention should be paid to securing 
a good foundation for the walls and great care exercised 
in building them in such manner that the expansion of 
the inner wall or lining will not seriously affect the outer 
walls. This can be done by leaving an air space of two 
inches in the rear and side walls, beginning at or near 
the level of the grate bars and extending as high as the 
fire line, or about the center line of the boiler. Above 
this height the wall should be solid. Fig. 119 shows a 
plan and an end elevation illustrating this idea. The 
ends of some of the bricka should be allowed to project 
at intervals from the outer walla across the air space, so 
as to come in touch with the inner walls. 

Where boilers are set in batteries of two or more the 
middle or party walla should be built up solid from the 
foundation. All parts of the walls with which the fire 
comes in contact should be lined with fire brick, every 
fifth course being a header to tie the lining to the main 
wall. 

Bridge Walls. — The boiler setting shown in Pig. 120 
shows the bridge wall as being curved on top to eon- 
form to the circle of the boiler shell. Concerning this 
problem, much difference of opinion exists among en- 
gineers. The author's experience of many years has con- 
firmed him in the belief that bridge walls should be built 
straight across from wall to wall of the setting, and 
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should not be curved to conform to the circle of the 
boiler shell. The proper distance from the top of the 
bridge wall to the bottom of the boiler varies from eight 
to ten inches, depending upon the size of the boiler. 
The space back of the bridge wall, called the combus- 
tion chamber, can be filled in with earth or sand, and 
should slope gradually downward from the back of the 
bridge wall to the floor level at the rear wall, and should 
be paved with hard burned brick. The ashes and soot 
can then be easily cleaned out by means of a long-handled 







• « 


^ 


Uh^ 


























1 


1 










. J 








1 




1 





1 1 




FIG. 122. 



hoe or scraper inserted through the cleaning out door, 
which should always be placed in the back wall of every 
boiler setting. 

Bearings for Lugs. — ^Upon the brick work and imme- 
diately under each lug of the boiler there should be laid 
in mortar a wrought or cast iron plate several inches 
larger in dimension than the bearing surface of 
the lug and not less than one inch in thickness. Upon 
each of these plates there should be placed two rollers 
made of round iron 1 or 1% in. in diameter, and as long 
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as the width of the lug. These rollers should be placed 
at right angles to the length of the boiler, in such a 
position that the lug will bear equally upon them. The 
object of the rollers is to prevent disturbance of the 
brick work by the endwise expansion and contraction 
of the boiler. 

Orate Surface. — The number of square feet of grate 
surface required depends upon the size of the boiler. A 
good rule and one easy to remember is to make the lei^grth 




FIG. 123. 



of the grates equal to the diameter of the boiler. The 
width, of course, will depend upon the construction of 
the furnace. If the fire brick lining is built perpendicu- 
lar, the width of grate will be about equal to the diam- 
eter of the boiler. On the other hand, if the lining 
is giving a batter of three inches, starting at the level of 
the grate, then the width will be reduced six inches. It 
is customary to allow one square foot of grate surface to 
iiwovy 36 sq. ft. of heating surface. The distance of the 
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grate-bars from the shell of the boiler varies from 24 
to 28 in., according to the dimensions of the boiler. 

Blow Off Pipes, — Blow off pipes should always be 
connected with the lowest part of the water space of a 
boiler. If there is a mud drum, then of course the blow 
off should be connected with it; but if ther^ is no mud 
drum, the blow off should connect with the bottom of 
the shell, near the back head, extend downwards to the 




FIG. 124. 

floor of the combustion chamber, and thence horizontally 
out through the back wall, where the blow off cock can 
be located. 

Back Arches. — ^A good and durable arch can be made 
for the back connection, extending from the back wall to 
the boiler head, by taking flat bars of iron % x 4 inches, 
cutting them to the proper length and bending them in 
the shape of an arch, turning 4 inches of each end back 
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■X ligtat anglu. ms sfaown in Fig. 121. The distance O-B 
ahoold (<qa&t tbat from tbe rear wall to the boiler 
xod tbe bFi^I, 0-A. sfaooltl hn about equsl to O-B, and 
sbnald brin^ tbe poiiit A about t^vo inches above tlie top 
row of tubes. The cUmp thus formed is filled with a 
vootse of Bid« arch tire bri«fc. Fig. 122, and will fonii a 
mmpltfle snd self -sustaining arch, the iMttom. B, resting 
on lb)* back wall, and the top. A, supported bv an angle 
iron riTeted across the boiler head about three inches 
above the top row of tabes. See Figs. 123 and 124. 

EDOQgb of these an-hes shoald be made so that when 
laid side br side they will eorer the distance from one side 
wall to the other across the rear end of the boiler, A 
fifty- four- inch boiler woold thus require six elanips, a 
sixty-inch boiler seven elanips. and a seventy- two-inch 
boiler would require ei^ht clamps; the length of a fire 
brick being about nine inches. In case of needed repairs 
to the back end of the boiler the sections can be lifted off, 
X\ms giving free access to all parts, and when the repairs 
are completed the arehes can be reset with very little 
trouble and much less expense than the building of a 
solid arch would necessitate. This form of segmental 
arch allo\rs ample freedom for expansion of the boiler, 
in the direction of its length, without leaving an open- 
ing when the boiler contracts. It will be seen that within 
all possible range of boiler movement in either direction 
the areh will, with this construction, always remain ela^e 
to the head. 

The crosswise eonstmction of areh bars, while afford- 
ing equal facility in repair work, is necessarily more ex- 
pensive than the form here described, and is also open 
to the objection that it cannot follow the contracting 
Iwiler and maintain a tight joint or connection between 
the back arch and the rear head above the tube? 
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(Suspension Malhod. — A great improvement is made 
when we auspend such boilers from I-beams supported 
by cast iroii polnmns. Figures 125 and 126 ahow the 




setting of this type of boilers either singly or in double 
batteries, by raearis of suspension. In setting an even i 
number of boilers, aa six or eight in one setting, it ial 
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best to divide them into pairs so that not more than two 
boilers will be suspended between supports. 

The principal reason for this is that when the large 
sizes, such as from 150 to 250 horsepower, are used, the 
8i« I-beam required to safely carry this load between 




5 the eost of two 



no. 12ft 

Is is so hinn' that it ovcrhal.in 

I' i'!ist-inin I'oliuiiiis. 

tliun »ti odd iHinibor of boilers, such as three or 

:i luiili'i-y. I'oUiiiiiis an' usually placed betwcni 
■•IN with a ■-'-iucli air space all around the colninn, 

;iir duot ;it tlio Ivit.im of tbc setting which runs 
) lV,'iii tlio front to the bai-k and connects with 
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each air space around the column. This allows a free 
circulation of air, thus tending to keep the columns com- 
paratively cool. In setting boilers in this way the col- 
umns and I-beams are set in position first. The boiler 
is then hoisted to the proper height by means of tackle, 
which is attached to the I-beams, and when the boiler is 
brought to the proper height, the U-bolts are slipped 
into place and fastened by nuts and washers to the I- 
beams. 

This method abolishes the use of blocking and leaves 
all of the space under the boilers clear for the brick work. 

The expansion is easily taken care of by the U-bolts 
and hangers, and if the walls are properly set, they will 
show no cracks as they carry no weight, and are free to 
go and come. The accompanying table, No. 35, has been 
carefully worked out with a factor of safety of 5, and 
gives the different sizes and lengths of I-beams and col- 
umns required for boilers of 36 inches in diameter and 8 
feet long, to boilers of 90 inches in diameter and 20 feet 
in length, giving the total weight to be supported and 
the sizes, weights, and positions of the columns, and I- 
beams required: 



BOILER SETTING 283 

Insulation. — ^All boilers should be well protected from 
the cooling influence of outside air, if economy of fuel is 
any object. The tops of horizontal boilers should be 
covered with some kind of heat insulating material, or 
arched over with common brick, leaving a space of two 
inches between the boiler and the arch. The resulting 
saving in fuel will far more than compensate for the 
extra expense in a very short time. All cracks in the side 
and rear walls should be carefully pointed up with mor- 
tar or fire clay. One source of heat loss in return flue 
boilers is short circuiting from the furnace to the breech- 
ing, caused by the arches over the fire doors becoming 
loose and shaky, and allowing considerable of the heat 
to escape directly to the stack instead of passing under 
the boiler and through the tubes. Another bad air leak 
often occurs at the back connection when the arch rests 
wholly upon iron bars imbedded in the side walls. This 
leak, as has already been noted, is caused by the expan- 
sion of the boiler, which gradually pushes the arch away 
from the back head until, in the course of time, there 
will be a space of % inch and sometimes % inch be- 
tween the head and the arch. The obvious remedy for 
this is an arch that will go and come with the movement 
of the boiler, and such an arch can be secured by build- 
ing it in sections, as illustrated by Figs. 122 and 124. 

Coal and Ash Handling, — The question of handling 
fuel and ashes should always be considered when locat- 
ing the steam plant. No matter how well placed the 
plant may be, there should be provided adequate means 
for handling coal and for removing the ashes. Various 
conditions require vastly different methods, but there 
are very few plants where the conveyor-elevator cannot 
be profitably installed for bringing in coal and carr^ 
ing out ashes, the same apparatus serving both ope: 
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FIG. 127. 

rofiiK-rtion with the installation of a battery of boilers. 

Smoke Stacks. — The smallest opening of the chimney 
should be one-fourth of the grate surface, and its height 
about 25 times this smallest opening, but never under 50 
fr?et. 

Chimneys which are built without means for ascending 
on the outside mast have an opening at the top of not 
less than 24 inches. The lower diameter of a brick chim- 
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ney should be 0.02 of the height of the chimney larger 
than that of the top opening; 

Round chimneys are best because they offer less re- 
sistance to the wind, do not retard the revolving action 
of the gases, and having the smallest circumference for 
a given diameter, suffer the least from loss of heat. The 
bottom of the opening of the chimney should be at least 
24 inches to 30 inches from the bottom of the bridging 



FIG. 128. 

and if more than one bridging enters the chimney they 
should be so arranged as to give the gases from all of 
them the same direction, as otherwise a considerable loss 
of velocity would occur. 

Brick chimneys are best, but also the most expe' 
sive. They last long and need no painting, nor m' 
repairs, except pointing up once in a long while. 1 
retain the heat much better than iron smoke-stacks. 
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two disagrreablif i.fiaditi(KH ronnrrtrd vith tbe use of 
iron rhimnej-s. 

In many places inm staeks are preferred to bri«k 
rhimneyx. Iron stacks rvqaire to be kept well painted 
to prevent rust, and generallj, where not bolted down. 
Ibey need to be braced by rods or wires to samnuidiDg 
(thjeettt. With fonr sach braees attached to an angle 
iron ring at 2/3 the height of stack, and spreading later- 
ally at least an etjiial distance, each braire should have 
an area in s<)iiare ineh» eqnal to 1-1000 the exposed 
area of stack (diam. X height) in feet. 

Stability, or power to withstand the orertoming 
force of the highest winds, requires a proportionate re- 
lation between the weight, height, breadth of base, and 
exponed area of the chimney. This relation is expressed 
in the equation 

C— ^ W, 
h 

in which d — the average breadth of the shaft ; h = its 
height ; b — the breadth of base, — all in feet ; W ^ 
weight of chimney in lbs., and C = a co-efficient of wind 
pressure per square foot of area. This varies with the 
cross-section of the chimney, and ^= 56 for a square, 35 
for an octagon, and 28 for a round chimney. Thus a 
square chimney of average breadth of 8 feet, 10 feet 
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wide at base and 100 feet high, would require to weigh 
56 X 8 X 100 X 10 = 448,000 lbs. to withstand any gale 
likely to be experienced. Brickwork weighs from 100 to 
130 lbs. per cubic foot, hence such a chimney must aver-, 
age 13 inches thick to be safe. A round stack could 
weigh half as much, or have less base. 

When two or more boilers are set in battery, there 
should be a separate damper to each boiler and another 
damper in the stack or main smoke flue, and this dam- 




FIG. 129. 

per should be connected to a good damper regulator 
which is actuated by steam or water pressure, and which 
is controlled by the steam pressure in the boilers. 

Connecting Boilers to Main Header. — The design of 
the branch pipe from each boiler to the main steam 
header is one of the most important details pertaining 
to boiler setting. The first matter to be determined is 
the number and kind of valves to be used. The most 
common practice is to use one globe valve, but the onlj 
argument in favor of this is the lower fi.r8t coat. It i 
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better practice to use two valves in this branch for con- 
siderations of safety and convenience. Surely no one 
should be placed in jeopardy of such a horrible death as 
scalding in a boiler, for the sake^of the first cost of an 
extra stop-valve. Then boilers have been known to go 
for months in need of inspection and repair in the drums, 
simply for the reason that it was impossible to do the 




FIG. 130. 



work, owing to the fact that the croA^Ti valve was leak- 
ing, anil no one could safely enter the drums. The 
single valve with its usual leaks is not a safe proposi- 
tion. Therefore, there should be two valves located in 
each branch. 

I^»gar(^ing the kind of valves to be used, it appears to 
l>i» \miv(»rsally conceded that gate valves are the most 
(l(\siral>le l\>r this purpose, owing to their strength and 
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- durability. A gate valve will also upen more gradually, 
which is a valuable feature in turning on the steam. 

Another reason for preferring the gate-valve in that 
there is no possibility of a careless or ignorant work- 
man putting it in so that, when shut, the pressure is 
against the stem teoding to strip the threads, as has 
been done with globe valves. 

Tile objection to the use of angle-valves, however, is 




much stronger than to globe valves, first because they 
have the same rapidity of opening as the globe valve, 
and, second, especially because the direction of flow 
must be changed in the valve and it is therefore a form 
of construction peculiarly liable to injurj' bv water ram, 
if there be any chance for water to collect in the pipe. 

Some of the particular points to be observed in the 
arrangement of the branches in order to provide as far 
as possible for safetj' are: first, to avoid the use ot 
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an^le mlrea; second, to arraogt? the piping in such i 
manner as to prevent pockets in which coudeiised steal 
toay gather; third, lu rnuke provision for the free < 
pansioo and conlracliun of the pipes. 

In any arrangement of piping in which water is liaU 
to pocket, proper drip pipes should be placed wheP; 
necBBsarj-. and the water kept drained out. Figs. 
to 131 show connections which will give good service^ 
Fig. 131 could be improved by placing another gate] 
valve between the bend and the boiler. 

rXLOADIXG AXD SETTING UP MACHINERY. 

The work of unloading machinery from oar or boat ^ 
and getting the machines into the building, and onto 
their foimdations is generally performed by a gang of 
riggers, the millwright himself, or someone of his as- 
sistants superintending the job. In fact a millwright, in 
order to be successful in his chosen occupation, should 
be well posted in the details of handling machinery tq ., 
the best advantage. | 

The most practical method of unloading and moving.l 
heavy machines or parts of machinery, is by means of 
the skid and roller, enough of these being placed under- 
neath the machine to hold it steady while being moved 
to its proper location. The machines are lifted, and , 
placed upon the skids by means- of the bar. lever i 
bait ; the screw jack also playing an important ] 
this work. The hydraulic jack, or "whisky-jack" 
called, is also a very useful appliance in millwrighi 
work. A few words of explanation regarding its actio] 
may not be amiss here. 

The hytlrnulic jack is a small hydrostatic press mai 
in portable form, the pump being contained inside 1 
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plunger, the cylinder forming the body of the jack. 
Alcohol is used as the liquid for operating the hydro- 
static part of the jack. Water may be used instead of 
alcohol, but it is liable to rust some of the parts, and in 
cold weather it would freeze, thus causing trouble. To 
operate one of these jacks, insert the lever so that the 
shoulder on one side of the lever will project down- 
ward and strike a lug on the head of the jack. An ordi- 
nary pumping movement of the lever will then force the 
liquid out of the piston into the reservoir underneath it, 
causing the jack piston and head to rise according to 
the bulk of liquid displaced. To lower, reverse the lever, 
turning the lug uppermost, then bear down on the lever 
and the valve in the pump will be forced to open, allow- 
ing the liquid to pass back into the piston reservoir. In 
some jacks this form of construction is reversed, the pis- 
ton standing upon the foot or base and the cylinder being 
attached to the head of the jack. Sometimes the arrange- 
ment of the pump lever is opposite that described above, 
the lug being placed uppermost, and a lifting motion 
being necessary to lower the jack after the lever hajs 
been reversed. 

The Bail-Bearing Screw-jack, — There is also a most 
excellent form of jack known as the ''ball-bearing screw- 
jack," in which there is a set of balls between the end 
of the lifting screw and the head of the jack. As fric- 
tion usually consumes more than one-half the power ap- 
plied to the plain screw-jack, the value of the ball ar- 
rangement is obvious. In this jack there is a pair of 
miter gears with a ratchet arrangement on the power 
lever, thus making it possible to **pump" this excel- 
lent form of jack the same as the whisky-jack, and the 
ratchet attachment permits the jack to be worked in 
restricted quarters equally as well as the other. 
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In operating any and even- form of jack, the one point 
to be closely watched is the distance which the jack has 
been extended. In the whisky-jack, too great an exten- 
sion will permit the cylinder to be scored by the piston 
or plunger, and the jack becomes useless until machine- 
shop repairs can be made. In any form of screw-jack, 
the same danger exists, but if the jack be extended too 
far, the thread may be stripped oflf the screw or out of 
the nut. 

When jacking up machinery every precaution should 
be observed, and the machine should be followed up 
closely with substantial blocking in order to guard 
against any possibility of the accidental dropping of the 
machine as much damage might be done, and possibly, 
loss of life occur. When a machine has been safely 
placed upon skids and rollers, it should not by any 
means be moved until the pull tackle, and the back haul 
have both been attached. The pull may be either a 
differential chain tackle, a heavy rope tackle, or if the 
machine to be moved is very heavy, a cable and wind- 
ing drum may be used. For the back haul a heavy rope 
tackle is preferable, although, in the absence of the 
tackle, a plain hitch may be made of a heavy rope which 
is then snubbed around a post or any convenient object 
that is permanent. 

The rigger gang should be under the immediate di- 
rection of a competent **boss'' or foreman, whose word 
of command must be the law. The majority of laborers 
are naturally careless, and are apt to take needless risks. 
Therefore discretion should be observed in the selection 
of the rigger gang, and especially in choosing the fore- 
man thereof. 

Erecting Machines Upon Foundations. — The building 
of foundations for machines has alreadv been discassed 
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and will not be enlai^d upon here, except to say that 
■when making concrete foundations for machinery, use 
a bank or pit sand whose grains are angular or sharp. If 
mixed with clay or loam the sand must be washed before 
using. The gravel used in thw work ia usually found 
■with the sand. In good gravel the stones are hard, and 
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irregular in shape and size. Broken stone makes bet- 
ter concrete than gravel, but is more expensive. The 
stone should be graded from y^ to I inch in diameter. 
The cement used should be of good quality. Mix thor? 
oughly; better have t^o much water than too little. 

If possible, foundations should rest on hard pan 
gravel, or hard clay. Made ground should be ahovelw 
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out for a depth of at least 12 inches below the bottom of 1 
the foundation and rammed as hard as possible. The 12 [ 
inches should then be filled with clay puddle, well i 
rammed in place. Of course the forms must be strong, 
tight and smooth on the inside. A good form is shown 
in the cut, Fig. 132. It will be noted that the wall is 
braced in three places, besides being wired. The wire 
is about No. 12 iron wire. The braces A are loose, or 
only tacked in place, and are removed as the wall ia 
built up. Do not nail the sheeting too securely to the 
studding. Any carpenter can put these forms up and 
the cheap, unskilled men that wheel the concrete may be 
employed to assist in the bracing and sheeting. Differ- 
ent methods of bracing the forma will readily suggest 
themselves to the mechanic in charge, to conform to the 
local conditions. The cut shows the wall with a footing 
extending several inches outside it. 

Care should be exercised in placing machines upon 
ready-built foundations to prevent the cracking or 
crumbling of any portion of the concrete or masonry. 
The masonry or concrete should be given ample time to 
set and become solid. Machines generally require to be 
leveled up after landing them on their foundations, and 
to do this it becomes necessary to raise one side, or one 
end, or perhaps just one comer of the base plate a small 
fraction of an inch, and this usually must be done with- 
out the aid of a jack, for the reason that there is no 
chance for getting the jack underneath the machine, or , 
any part of it that will withstand the pressure. 

In such cases a four-sheave tackle should be rifled 
over head on a beam or girder. A differential chain 
block will often answer the purpose for light machines. 
By the use of the four-aheave tackle, and a winch no 
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strain whatever need be brought to bear upon the foun- 
dation by means of jacks and levers. 

Lever and Cable-Hoist Lift, — ^When the heavy end of 
a machine must be raised as above described, and it is 
feared that the weight is beyond the capacity of any 
hoist available, then resource may be had to the com- 
bined lever and cable hoist shown by Fig. 133. This de- 
vice may be used equally well with a jack or the differ- 
ential chain hoist as with the wire-cable business. As 
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FIG. 133. 

LEVEB, AND CABLE HOIST. 

shown, it consists of a heavy timber, one end of which is 
attached by a sling g to the lower block of the cable 
tackle. The other end of the timber rests upon a block 
placed across the top of the machine, as at h. At the 
other end of the machine — ^the end to be raised — the tim- 
ber is made fast by means of a chain or a yoke to some 
convenient shaft or projecting portion of the frame, as 
at k. A pull at f will result in raising a load at k heav^ 
than 4,000 pounds in the ratio of the horizontal dista^ 
g k and k j. Thus, if k g be twice k j, then our 1 
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force of 4,000 pouiuls at f will handle 8,000 pounds at 
k, thereby enabling a pretty he^vy load to be lifted b^' 
32 pounds exerted on the cranks of the wire-cable hoist- 
ing device. 

Leveling and Setting the Machine, — After elevating 
the end or side as it may be, a sufficient distance to bring 
the machine level, steel wedges should be placed at inter- 
vals under the base of the machine, and the space be- 
tween machine and foundation be filled with cement, 
brimstone, or plaster of paris, or calcined plaster, 
which latter makes a very good filling if properly mixed 
and allowed a sufficient time for setting (24 hours or 
longer if possible), before the weight is allowed to rest 
upon it. 

Plaster to be poured should be mixed with more than 
one-half its weight of water. That amoimt gives a paste 
w^hich can be shaken from a trowel but which will not 
drop w^ithout shaking. Ascertain by trial how much 
more water is needed to make up plaster which will flow 
freely, then weigh out charges of plaster and of water 
and have them at hand ready for use. After the clay 
or putty dams have been placed aroimd the machine 
footing, mix together the water and the plaster, each 
charge ranging from one pound to ten pounds accord- 
ing to the size of the job. It is better not to mix more 
than ten pounds of plaster at a time. ^lix the water 
and plaster as quickly as possible, and pour at once. 

If brimstone is used for filling, it should be melted 
in a vessel having a tight fitting cover. The fire should 
be light, as brimstone ignites easily, and if allowed to 
remain over the fire too long after being once melted, 
it is apt to become waxy, and will not flow readily. 

If cement, or plaster of paris is used under a ma- 
chine, a piece of wire should be used for the purpose of 
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pushing or carrying the running cement into all of the 
remote comers and cavities in order that they may be 
filled with cement or plaster, thus securing a firm solid 
foundation. 

Knots and Hitches. — ^While on the subject of handling, 
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and placing machinery, a short space will be devoted 
to the discussion and illustration of the various kinds 
of knots and hitches in use by riggers. 

Fig. 134 made of two endless slings, and used as shovm 
m Fig. 135, is a reliable and useful basket hitch pro- 
vided the slings are of equal length, or with one slin^ 
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just long enough to encircle one-half the circumference 
of the cylinder, and the other long enough to pass 
through both loops of the short sling, and have its own 
loops catch the tackle. A shaft may be hoisted endwise 
with this hitch by using a collar, or lathe dog for a 
safety stay, but a better hitch for hoisting a shaft end- 
wise is the biting-rolling hitch shown in Fig. 136. Some- 
times when a ready made endless sling is not available, 
a flat knot is made in a short length of rope and used 




FIG. 137. 




FIG. 138. 



in place of the sling. The correct fonn of flat knot is 
shown at the top of Fig. 137, while the incorrect form, 
or ** granny *' knot, is showTi below. This latter is un- 
safe, and should be avoided at all times. Fig. 138 shows 
a good and safe method of shortening a long rope. This 
is known as a sheep-shank, and it is evident that any 
amount, and any length of loop may be used, but it 
should be remembered that the over-lap at x, x, should 
be at least 6 inches in length to insure absolute safety. 



The hitcli illustratcil iji Figs. 139 to U2 is made with- 
out passing the eud of the rope, iiiid provides two loops to 
which a tackle block may be hooked. Fig. 13!) shows the 
start; Fig. 140, the second stage; Fig. 141, the manner 
of rolling the two loops into the standing portion of the 
rope, and Pig. 142 shows the two loops x x brought 
vertically down (after rolling) and ready for service. 
The block or fall moat be hooked into both loops. This 
is a safe and reliable hitch that can be wiggled in at 




FIG. 139. FIG. 143. FIG. 144. FIG. 143. FIG. 146. 

any point in a rope, and besides being perfectly reliable, 
it ia easily, and quickly made and unmade. 

Fig. 143 is an old and well known friend of the rig- 
ger. Bow lines are shown in Figs. 144 to 146. In mak- 
;• ing these knots the slack line x may go either in front of, 
or back of the standing rope y, as shown in Figs. 144 and 
145, but in either ease it must be passed through the 
I loop z after going around y. This is shown in Pig. 14fi, 
L which is an illustration of a completed bnw line. Fig. J 
|147 shpW8 how a split hammer handle, or split monkt 
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wrench handle may be temporarily repaired by the 
endless wound splice. The method of making it up is 
clearly shown, and it is evident that by pulling at A, 
the loop B will make a similar loop in D at C, and 
continued pull will draw the crossed loops out of sight. 
The loop ends may then be cut oflf closely. The knot 
shown completed in Fig. 148 is known as a jury mast 
knot, also as a ''bottle hitch." It can be used in place 
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FIG. 147. 




of a mast iron, at the top of a derrick, or gin pole to 
make jruys fast to. 

It appears at the first glance to be very complicated, 
but on the contrary it is very easily made. To prac- 
tice making it, take a piece of strong cord between the 
thumb and forefinger of each hand, with a space of 
about () inches between the hands. Then twist the cord 
right-handed with the thumb and forefinger of the right 
hand only. This will throw up a ** bight" like Fig. 149 
with the part A under B. Next grasp the loop between 
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the thumb and forefinger of the left hand at the point 
where the two parts cross. Then move the thumb and 
forefinger of the right hand along the cord about 6 
inches, and throw up another '* bight/' laying it on 
top of the first one. Thfs will form Fig. 150. Hold 
these two '* bights'' with the left thumb and forefinger, 
measure oflf another 6 inches with the right hand, and 
throw the last *' bight." Place it on top of the last one 
made. This will form a combination, such as shown in' 





FIG. 140. 
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FIG. 150 




FIG. 151. 




FIG. 152. 




FIG. 153. 



Fig. 151. Then take the part E in the last ''bight'' in 
Fig. 151 and, while holding the other parts in place, 
pass it under B, over C, and under A. . 

This makes Fig. 152. Then take B, Fig. 152, and 
pass it under D, and over F, the result being Fig 153. 
Now while holding E in the left hand, and B in tb 
right, have a helper take hold of x and pull it. T 
will form the completed knot as shown in Fig. 148. 
practice, the central loop O is placed over the redu 



top of the mast, or gin pole. The foreatay oi- giij 
made fast to x, the front stays to E, and B, while y, and J 
z form the back stays. Any strain on the stays sei-v^ 
draw up and tighten 0. By pulling on y and z in 
posite directions, the knot is easily loosened, and ct 



Pig. 154 shows how to sling a. barrel for hoisting. 
With both heads of the barrel on, and the bung in place, 
this is a comparatively easy matter, but ivith one head 
out, it is not so easy. 




The illustrations 1, 2 and 3, in Fig. 154, show how it 
may be accomplished in a very neat, and easy manner. 

Splicing Rope. — -The splicing of a rope, espeeially 
when used for the transmission of power, is an impor- 
tant matter. The principal points upon which the suc- 
cess of the splice depends are : first, the length of the 
splice, which depends of course upon the diameter of 
the rope, and is given in table 36 ; second, the diameter 
of the splice, which should be the same as the diam- 
eter of the rope ; third, the proper securing of the ends 



of the strands of the splice, which must be fastenetl in 
such a manner that they will not wear, or whip out, or 
cause the overlying strands to unduly wear; fourth, the 
workmanship of the splice, which should be the best 
that it is possible to secure. 

"When splicing an old and a new piece of rope, the 
new piece should be thoroughly stretched, for, at best., 
it is fln exceedingly difBcult task on account of the 
stretch and difference in diameter of the rope. 

The following instructions, and illustrations for 




making standard rope splices are supplied by the 
American Maniifacturing Company, in their "Blue Book 
of Rope Transmission." There are many different splices 
now in use, but the one that experience has proved best 
is what is known as the English transmission splice. 

In describing this we take for our example a four- 
strand rope 1% inches in diameter, as spliced on 
in the multiple system. The rope is first placed aromii 
the sheaves, and. with a tackle is stretched and hauli 
tant. The ends should pass each other from six to se' 
leet, the passing point being marked with twine on 




rnpe. The rope is then slipped from the sheaves, and« 
allowed to rest on the shafts, to give sofficient slack for I 
mnking the splice. ITnlay the strands in pairs as far 4 
back as the twines M, M, Pig. 155, crotch the four pain i 
of strands thus opened, cores having heen drawn otttjj 
together on the upper aide. 

Then having removed marking twine M, unlay the two'l 
strands 6 and 8 (still in pairs), back a distance of two 
feet, to A; the strands 1, and 3 (also in pairs), being 
carefully laid in their place. Next unlay strEinds 5 and 
7 in pairs, to A', replacing thpm as before, with strands 




2 and 4. The rope is now as shown in Fig. 156, The j 
pair of strands, 6 and 8, are now separated, and S 3 
is unlaid four feet back to B, a distance of six feet from, J 
center, strand 6 being left at A. The pair of st]*andl 
1 and 3 having been separated, 3 is left at A, a 
panion for 6, strand 1 being carefully laid in place of 
strand 8 until they meet at point B. The two pairs of 
strands 2-4 and 5-7, are now separated and laid in the 
same manner, every care being taken, while thus pnttii^ J 
the rope together, that the original twist and lay i 
strand is maintained. The protruding cores are noi 



cut off so that tbt' emts, when pushfii hack in roj)e, butt 
together. The rope Dow Appears as shown in Pig. 157. 
and after the eight strands have been cut to convenient 




FIG, 159. 



^^Pvorking lengths (about two feet), the eompanion strands 
are ready to be fastened together nnd "tuclfed." 
operation is described for Ktraiids 2 and 7, the met 
being identical for the other three pairs. 



aoc 
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rnUy 2 and 7 for atxmt ttrelvc to foorteen inches, 
<finde eacb stnmd in half by reuwTing its cover .varus, 
■er P%. 138. wiiip with twine the ends of interior yams 
2* vtd 7'; tl>*n Wvin^ cover 2, relay 2* until near 7 
aui 7', lioe jom with simple knot. 2' and 7'. Fig. 159. 
Drride '^owr yams 7. and piass 2' through them, con- 
tiDuIuc oo thrmiKh lh«- mpr raitti-r the two adjacent 




strands, avoiding the core, thus locking 2'. Pig. 160. 
In no event pass 2' over these or any other strands. 

Half strand 7' must now be taken care of. At the ! 
right of the knot made with 2' and 7', 2' is slightly raised I 
with a tiiarlin spike, and 7' passed or tucked around it \ 
two or three times, these two half strands forming in 
this way a whole strand. 

Half strand 7' is tueked until cover 2 is reached, whose 1 
yams are divided, and 7' is passed through them, and ] 
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drawn under the two adjacent strands, forming again 
the lock. 

The strand ends at both locks are now cut off, leav- 
ing about two inches, so that the yams may draw slightly 
without unlocking. This completes the joining of one 
pair of strands. See Fig, 161. The three remaining 
pairs of strands are joined in the same manner. 

After the rope has been in service a few days, the 
projecting ends at locks wear away, and if tucks have 
been carefully made, and the original twist of yams 
preserved, the diameter of the rope will not be increased, 
nor can the splice be located when the rope is in 
motion. 

As before stated. Table 36 which follows, contains 
useful data regarding the splicing of manilla trans- 
mission rope, also approximate weight in pounds per 
lineal foot, of rope of various diameters, together with 
the breaking strength, maximum allowable tension in 
pounds, and smallest diameter of sheaves over which 
the different sizes of rope may be run with safety. 
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8(}S HANDBOOK FOR MILLWRIGHTS 

SHIFTIXG BELTS AND BELT SHIFTERS. 

In all shops and mills the nature of the work requires 
more or less stopping, and starting of the various ma- 
inlines, and in many eases the reversal of the same. This 
uei»essitates shiftipg belts, and loose-pulleys, together 
with belt shifters, the reversal of the machines being 
at'complished by crossed belts. 

Shifting belts are not so much in vogue now as they 
formerly were, they having been to a great extent dis- 
placed by the rim-friction clutch, a very useful and 





FIG. 102. 

ORDINARY BELT SHIFTER. 

convenient device. Nevertheless shifting belts are still 
much in use, and as long as they continue to be used, 
just so long will belt shifters be required, therefore a 
few words on this subject will no doubt be appreciated. 
In the first place a belt shifter should not touch the 
belt except during the actual time occupied in shifting 
the belt from one pulley to the other. This means that 
whether the belt is running on the tight pulley, or on 
the loose pulley, the shifter should not touch the belt, 
nor be made, as too many of them are, to do duty as a 
belt guide to keep the belt on the pulley. When a belt 
rerj aires a guide to keep it running fair on the pulleys, it 
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is a pretty fair indication that the shafting is out of 
alignment. Fig. 162 shows the construction of an ordi- 
nary belt shifter. The piece of 2x4 inch scantling a 
is supported in the guides b and c, through which it is 
free to move back and forth. 

The^ pins d and e, prevent too much movement of the 
shifter bar a, while the lag screws f and g, serve to force 
the belt from one pulley to the other when the bar is 
moved endwise. 

In the illustration the lag screws f and g, are shown 
as quite close to the belt which is wrong. There should 
be 1 inch or IVi inches more width between these 
screws, or guide pins than the total width of the belt 
for all belts of four inches or less in width, and for 
all belts wider than four inches, there should be an in- 
creased amount of clearance between belt and guide 
pins. A better .arrangement than lag screws f and g, 
is shown at h and i, in which the screws are replaced by 
%-in. rods or even larger in diameter to prevent cutting 
the edges of the belt. At k is shown a pin passing 
through a hole in the shifter bar close up to the guide 
board b. 

The apparent purpose of this pin is in connection 
with pin d on the opposite side of board b, to firmly 
hold bar a in place after the belt has been shifted, thus 
making it in conjunction with pins f and g, act as a 
belt guide, which is contrary to good practice, besidas 
making it necessary for a man to go to the shifter bar 
each time the belt is to be shifted from pulley to pulley. 
A much better device is a shifter handle shown at 1, Fig. 
162, made of sufficienf length to reach to the point most 
convenient for operating it. This handle may be made 
of 2 X 6 inch spruce or pine lumber, having the lower 
end tapered to about 2 inches in diameter, while it is 
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left full width at m, and tapered again to about 4 inches 
jit n, where it Is bolted to some solid point of support 
A slot is made in the handle at m, and a bolt or lag 
screw is used at that point for connecting it to the shifter 
bar. The method of correctly attaching the two parts 
is as follows: 




FIG. 163. 

ROD BELT SHIFTER. 

Place the shifter bar midway of its travel, the belt 
being half way on each pulley. Then place the shifter 
handle at right angles to the shifter bar, and while in 
that position mark the hole for m on the shifter handle. 
Til is method i)rovides the same angularity for the 
handle at each end of its throw. A support o having a 
double wedge p is placed in a position midway of the 
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throw of the lever and there fastened permanently thus 
forming a support for the handle. 

Another style of belt shifter called the rope and rod 
shifter, is shown in Fig. 163. This device is very easily 
made, as will be apparent upon an inspection of Fig. 
163. It consists of a rod of % or 1 inch round iron, 
bent to the shape shown at a, b, and d in the cut. The 




FIG. 164. 

BOPE CONTROLLED BELT SHIFTER. 

belt is shown at c. The part d of the rod serves the 
purpose of a handle for operating the shifter. 

At f is a double stop intended to prevent the shifter 
from moving too far in either direction. The combined 
weights of the yoke b, and handle d, serve to hold the 
shifter in whichever side of the vertical center of its 
throw it may chance to be. 

It is said to be a very efficient shifter, and may be 
constructed so as to be operated by ropes connected to 



an p.yp formed in tlie end of handle d, inid leadiug in i 
f opposite directions, aud passing over sheaves, thus iiiak- J 
, iiig it possible tu tDiinipulat» the shiftier from a remote I 
distance. By applying a weighted tension pulley at the 1 
, farthest point reached by the ropes, the problem of dis- 
tant belt control becomes easy. Fig. 164 shows one of 
several methods of arranging a rope eontrol for a belt 
shifter. The shifter bar a, is fitted with a pair of 1 
sheaves 6 inches in diameter, aBd placed just far i 
enough apart to allow the ropes to pass each other, thus 
preventing their running off the sheaves. The ends of | 
the ropes are passed through the guides, and knotted | 
thus securing them at that end. By a downward pull 
on rope e. the shifter bar is forced to the left, and by i 
pulling down on rope d, the opposite effect is produced , 
and the shifter bar is moved to the right, the two sheaves j 
moving with the bar, while the pins o and g in the bar J 
prevent it from moving too far in either direction, by j 
engaging with the guides. The ropes are carried to theip ) 
desired location over other sheaves placed as shown at ' 
h and i. As many of these sheaves may be used as is J 
found necessary. The ropes at the operating end should 
hang in a vertical position, and a sufficient tension of 
some sort should be applied at these ends to hold all 
parts taut, and in their places. 

A very convenient appliance for this purpose may be j 
made by attaching a box to the unds of the ropes by ' 
means of clampa as shown at m, but in such a manner J 
that the box will stand in a horizontal position when j 
the shifter bar is at mid-travel. A heavy iron ball k.l 
placed inside the box as shown at n. where the ball is j 
seen at one end of the inclined box, while at the same | 
time the shifter bar is at the end of its travel in that di- 
rection. In order to throw the shifter bar in the othw J 



REMOVING PULLEYS FROM SHAFTS 



313 



direction, all that is necessary is to raise the lower end 
of the box which will cause the ball to roll to the other 
end of the box, which will then exert the pull on the 
other rope, and the shifter bar will be moved to the 
opposite position and held there. 

If it is not convenient to obtain a ball for the purpose, 
dry sand may be used in the box, although it is much 
slower than a ball, and requires a larger box. 

Removing Pulleys from Shafting. — When a solid pul- 
ley is to be removed from a section of shaft, sledge ham- 
mers should not be used on the hub or arms, as cast 
iron pulleys are very liable to break or crack under re- 
peated blows. 
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FIG. 165. 



One method of removing a pulley is illustrated in Fig. 
165, and may be applied when a location can be found 
between two solid walls that will admit the necessary 
apparatus. As will be observed, the method consists in 
forcing the shaft through the pullfey by means of a 
screw jack pressing against the end of the shaft, the pul- 
ley itself being held stationary by a piece of pipe that 
is slipped over the shaft, and rests against the opposite 
wall. Another method of removing a pulley is illus- 
trated in Fig. 166, in which the piece of shaft holdin 
the pulley is mounted on an incline, with the lower er 
resting against a solid wall, while another piece of oi 
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shafting is used af?ainst the hub of the pulley, as a 
ram. In order to prevent damaging the pulley hub, 




FIG. 166. 

and also to have its force applied to the best advantage, 
the ram should bo used in a direct line with the direction 
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FIG. 167. 

v»t' removal. Fig. 166, is self-explanatory-. A very con- 

Nv'uu'i\t method that may be applied to any size pulley 

"^'^^l^^l the bolts AV AV are large enough, is shown in 
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Fig. 167. The bolts W W must have long threads cut 
on them. Pressure is brought to bear on the hub by 
pulling up on the nuts A, A, each of which should be 
drawn a little at a time in order to keep the strain 
equalized between the two bolts. In case the pulley 
comes very hard, it may be assisted when the strain is 
on the bolts, by blows from a sledge hammer delivered 




FIG. 168. 





FIG. 169. 

on the block x. This method can be used only in cases 
where the end of the shaft can be reached as shown in 
the illustration. 

For removing pulleys from electric generators, and 
motors, the device shown in Fig. 168 is very convenient 
provided the pulleys are near the end of the shaft, and 
they generally are with those machines: The arm.s z, z, 
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m*)r \k adjusted so as to take hold of the hub. or tfae 
arms of the pulley, while the screw applied to the cen- 
ter ot the sfaxft brings the pressure to bear. 

After a pulley is once loosened, a good way to run it 
off the shaft is to apply a monkey wrench to the rim. and 
keep turning the pulley around, while tlie shaft is held 
from turning by using another monkey wrench on the 
rim of one of the tight pulleys. This method is illua- 
trated in Fig. 169. 

Shfor ill Sf( Screws. — Pig. 170 shows the compara- 
tive holding power of set-serews and keys, and assum- 



1 




ing it to show a piece of 2-inch shaft (1 15/16 inches), 
the key will be made y^ *^^^ wide and it is cut into the 
shaft. Yg inch. Assuming the torsional strain to be great 
enough to .shear the shaft along the broken line a, whinh, 
in a hub 4 inches long on a 2-inch shaft, would give s 
section for the shear of about ^/l X 4 inches ^ 1 square 
inch of metal. But it is impossible for the metal to 
shear at the line a. Even should the piece be loose above 
thft break line the shaft conld not turn around in the 
hub because of the wedge-like action of the key which 
rides on the flat surface of the key-seat, and the entire 
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section of shaft along the line b must shear off before 
the hub can revolve on the shaft. 

Thus it is the key which must be sheared off to allow 
the shaft to revolve, since it has been shown that the 
shaft cannot be sheared so the key will not hold. The 
key has a section along the line of shear of % X 4 inches 
= 2 square inches of steel, corresponding to a set-screw 
1 3/5 inches in diameter, shown at d. 

WATER POWER AND ITS UTILIZATION. 

Nature is very lavish in her ways of supplying energy 
to be utilized as power in various forms for the welfare 
and advancement of the human race, and in none does 
she excel more than in the tremendous and practically in- 
exhaustible supply of energy that is stored in water seek- 
ing its level. 

That never-ending round of circulation from the sea 
to the clouds, and from thence to the tops of the moun- 
tains and hills, and back again to the sea, which water is 
compelled by the sun's influence to keep up, will con- 
tinue to be a source of power when coal shall be for- 
gotten. As just one instance of the vast amount of 
power available from this source, it is said that if all the 
daily output of coal in the world could be used in mak- 
ing steam to drive pumps, it would hardly suffice to 
pump back the water flowing -down Niagara River. 

The efforts being put forth by the United States Gov- 
ernment for the conservation of its forests and water- 
courses cannot be too highly commended, and should re- 
ceive the hearty indorsement of all. 

Water Wheel Setting. — The development of the mod- 
em turbine water wheel, with its draft tube has wrought 
a wonderful change in methods of wheel setting sci iax ^^ 
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the millwright is concerned. Whereas, it was once the 
height of the mill\iTight 's ambition to be able to frame 
and erect a deck flume in which water could be confined 
under 10 to 40 feet head, and not a drop of water found 
leaking from the flume, nowadays the wooden flume, the 
framed penstock and the wooden w^heel case are things 
of the past and are seldom seen, much less constructed. 
The boiler maker and the concrete worker do about all 
the water-wheel setting now, and it is done to stay. The 
old-time wooden construction used to last about seven 
years before it came time to repair it, and at ten years 
the whole thing had to be replaced with new material. 

The open flume, the decked flume and the penstock 
have all been replaced by steel and cement so thoroughly 
that wooden flume making is an obsolete branch of mill- 
wrighting. 

^lodern methods have reduced the setting of a turbine 
wheel from a task of several weeks for a considerable 
force of skilled men, to the work of a few days for a 
foreman, a gang of laborers, and a couple of boiler- 
makers, the latter to rivet the wheel case to the steel pen- 
stock, and draft tube. The foundation for the wheel 
case was made when the foundations of the mill were 
constructed, and all that can be seen of it are several 
anchor bolts projecting from a smooth concrete floor. 
So exact ha,s been the engineering work with transit and 
station-rod, that after the wheel case has been dropped 
in place, it needs nothing except being twisted around 
a little to coincide with the shaft and building lines and 
perhaps leveled up a bit with some brimstone and a steel 
wedge or two. 

The millwright in all probability will be called upon 
to exercise a general supervision over the work of setting 
the wheel case, and also of the construction of the con- 
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Crete flume, or steel pipe line, as the case may be, but 
he has the blueprints, and specifications of the manu- 
facturers to guide him in this work, ^nd is expected to 
follow these. 

Shaft Supports. — ^In order that the highest efficiency 
may^be obtained from water wheels it is absolutely neces- 
sary that their shafts be properly supported, as regards 
both boxing and timbering. These ^re two very impor- 
tant factors in the proper maintenance of a water wheel. 

Penstocks, — Steel, or concrete are the best materials 
for penstock building, unless the mill is situated in a 
locality where suitable timber is abundant. 

Concrete should not be used for building penstocks 
situated above ground, for the reason that a penstock is 
always under a tensile strain, and concrete members 
should not be subjected to such strains. In fact the 
millwright may be at different times called upon to con- 
struct penstocks of various kinds of material, even brick 
being used in some cases, the kind of material used de- 
pending upon the locality, and the surroundings. 

THE TURBINE. 

In view of the rapidly increasing use of the water 
turbine as a prime mover, it may not be out of 
place to devote a short space to an explanation of the 
principles controlling its design, and the laws govern- 
ing its action. The turbine is a form of water wheel 
which makes use of the energy developed by water as 
it flows between curved vanes or channels, which, owing 
to their shape, so deflect, and alter the course of the 
water in its passage that it exerts a reactionary force, 
thereby causing and maintaining motion. This action ih 
an application of Newton's second, and third laws of 
motion, as will be readily seen. 



Rpferrin? to Fig. 171, lit A B represent a vane mm- 
tnp in thi^ directiou indk-ated by the arruw, with a uni- 
form veWitj- (*; let A represent the direction and 
inagnttiide, v of a thin stream of water entering at A in 
aiieh a manner that there is no sudden change of velocity. 
or direction of flow. In order that this may be accom- 
plished, it is re((viired that the parallelogram, Ov Ac. 
must be the parallelogram of velocity nf the water, 
A C being the tangent to the vane at A and Ov. Oc must 




represent v, the velocity of the water relative to the 
vane, and c the velocity of the vane. 

If, after drawing A 0. O C (Fig. 172), C A were 
not a tangent to the vane as Alt at A. then the water 
would not glide along the vane without shock, but 
direction and velocity would be suddenly altered at 
We must leave this latter case at present, and return to 
Fig. 171. A perpendicular Aw, upon C gives us the 
tangential velocity, or velocity of whirl Ow, — w, of the 
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water at entry ; the angles ^ and o may also be noticed. 
Again, at the point B, where the water leaves the 
vane, Bvg = Vo is the relative velocity, Be = c, Bu = u 
the total velocity, and Bwo is the velocity of whirl at dis- 
charge, BWgU being a right angle, and the angles * and 
p should be noted. Let W be the weight in pounds of 
water passing in time t, and let P be the component par- 
allel to 'the direction of motion of the vane, of the re- 

W 

action between water and vane, then — (w^ — w,) = 

g 

Wwi Wwg 

Pt, because the momentum is changed from to , 

g g 

in time t by a force P. Hence the work done in time t 

Wc 

on the vane = ct X P foot pounds ; = c X Pt = 

g 

(Wi — W2), a quantity independent of t. The Work 

c 
done per pound = — ( w^ — Wg) (7) 

g 

If entry is to take place without shock, and certain ve- 
locities and angles are assumed, it is clear that by con- 
struction, or trigonometry the remaining velocities and 
angles can be found. 

For example, \i ^ e and Vg are assumed, then u and 
c are found by the parallelogram /8V2 u e. Again, if 
V = A, is known with a and c, the parallelogram Ac 
Ov will make it possible to find v, and e. 
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However useful graphical methods may be in saving 
calculation, it will be foimd that very little more time 
is required and greater accuracy is obtained by the use 
of a slide rule and a table of sines, cosines, tangents, etc. 
Also, it is quite possible that calculations must be made 
when a drawing board is not easily obtainable, and in 
such cases the following equations will prove useful : 

Wi— Ycosa 1 W,— UcosjS 

C— Wi— Vtcos* I .-V C-W,— V,cos^ I , . 

C sin *— V sin (a-»-*) i * • V») q sin ^— U sin {fi-\-$) f • • • -19) 

Visin«^Vsia« j V, sin ^— U sin /5 

Assuming, as before, B, $, and Vg known, then the 
fourth equation of (9) gives u, and the first will give 
W«. and c may be found from the second or third. Again, 
if v, a and c are known w^ is found from the first of 
equations (8) ; ^ may be calculated from the third, 
which may be written c — Wj = v cos sin a, and v^ 
may now be obtained from the second or fourth. 




FIG. 173. 

The equations (8^ are unaltered if * be greater than 
a right angle : and the above reasoning will apply equally 
well when the vano moves, not in a straight line, but in 
a oircle wlu>so plane is perpendicular to the paper, the 
axis of rotation being then parallel to the paper. The 
student will now bo able to imderstand the axial, or 
parallel tiow turbine, through which the water flows in 
a dinvtion parallel to the axis of rotation. 

Figs, 17t^ juul 174 are sectional elevations; the former 
is part of a cylindrical developed section taken through 
tlie guide vanes E and the wheel vanes G, the direction 
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of motion of G being to the left, while the guide vanes 
are fixed. The water, collected in a reservoir above, 
Sows do\('nwards into the guide apparatus, in which it 




ia given a forward velocity v ; leaving these, it should 
enttr the wheel G without shock, and flow out vertically, 
after it has imparted some of its energy to the wheel in 



ronswjTu'nce of the ehange of velocity of whir! from i 
to W; which should be zero, the renson for which will bel 
explained later on. Pig. 174 is a vertical section throiighJ 
the axis of rotation. 

The turbine of which Fig. 174 is a vertical section, isi 
9 feet 6 inches in diameter (outside), and is carried on J 
a vertical wrought iron shaft 8 inchis in diameter. The! 
head of water varies from 12 feet to 16 feet, aecorduigj 
to the condition of the river. It is capable of develop-^ 
ing about 250 H. P. when using 200 eubic feet of water '1 
per second, with a head of 1.2 feet, showing an efficiency 
of 91.6 per cent, which is certainly remarkable, when we 
bear in mind that 85 per cent is considered very good. 
During periods of flood the quantity of the flow can be 
increased to about 280 cubic feet per second. The aver- 
age number of revolutions is 48 per minute, giving a cir- 
cumferential speed of 24 feet per second. This turbine 
wheel is in two parts, and is termed a double axial tur- 
bine. When the water in the river is low. there is a 
greater difference of level between the upper and lower 
water, thereby increasing the head, and during this pe- 
riod the outer rings, E, G, of the guide vauea and wheel 
are used, the inner rings, E,, 6,, being closed. But when J 
the water is high in the river and the fall not so great,.' 
the lower level being raised, both rings of the turbine 1 
are opened. In this manner a large volume of water J 
with a short fall can be used, and vice versa a smaller] 
volume with a higher fall. The center of the upper di- 
recting portion, E, of each turbine is closed by a fixeda 
bill, in which is provided a bearing lined with strips of 1 
wood, for the turbine shaft. The shaft is carried by a'| 
compound collar bearing H, at the upper end, from I 
which the entire weight of the turbine is suspended. This 1 
bearing is carried by a pai:- of ca.st iron girders, wliid 
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are fixed across the turbine house, resting upon the side 
walls. 

Another bearing between H and the rings, P Q, is also 
given, supported by a girder. This bearing is also lined 
with wood strips, and above it a collar is attached to the 
turbine axle with clamping screws, and is adjusted so as 
to be just clear of the bearing in ordinary working ; but 
when the water pressure becomes very great a slight set- 
tlement of the turbine shaft takes place, and this collar 
then takes a bearing, and supports part of the weight 
so as to prevent there being too great friction at H. The 
two rings, P Q, as before mentioned, regulate the supply 
of water. The outer ring P is suspended by six spindles, 
which are screwed at the top through nuts in the spur 
wheels R. These are geared together by a large center 
wheel so that they can be all turned together by gearing 
from a hand-wheel (not shown in the figure), so that P 
can be raised or lowered to adjust the opening for the 
passage of the water to the outer ring. Q is raised by 
screwing up the outer ring until it catches projecting 
brackets fixed to Q, which then rises with P. As usual, 
the power is taken from the shaft by means of a bevel 
wheel above H. It will be noticed that a suction tube T 
is used, reaching about 414 ft. below the bottom of the 
wheel, so as to allow for variations in the lower level of 
the stream. If this were not done, head would be lost 
when the water is low in the river. 

The theory of the action of the suction tube will be 
explained later on ; suffice it to say here, that so long as 
the lower level of the water is above the bottom of the 
suction tube, the turbine may be placed at some height 
above the tail race, without any alteration of the ef 
fective head. Thus the lenj^ths of the shaft and the si 
spindles may be less than they would otherwise be, tl 
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reduction of weight of the former tending to decrease the 
loss by friction at H. 

A& has already been stated, the velocity of whirl at 
discharge should be zero — ^that is, that the water should 
flow out axially; or, in this case, vertically. Now u 
(Pig. 171) is the total velocity of outflow, but u sin /s 
is the component of the velocity that carries the water 
out of the wheel. However great w„ the other com- 
ponent, may be, no more water will flow through a wheel 
of a given size so long as u sin p is fixed. Thus, for a 
given wheel and given quantity of water, u sin p must 
have a fixed value; but u must be as small as possible, 

because one of the losses of head is — , the energy in 

2g 

each pound of water as it leaves the wheel ; but u is 
never les.s than u sin /s, so that the least value of u will 
be when ^ =3 90 deg., and therefore Wg = o. 

From equation (7) the work done per pound 

c 

= — (Wi — wj 

c 
= — Wi when Wg = u cos p, 

g 

Neglecting friction, the formula for ascertaining the 
fl. P. follows : Let Q = number of cubic feet of water 
per second, 

Qcwi X 62.5 

then IT. P. = (10) 

gX550 
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and the maximum hydraulic eflBciency is 

V = (11) 

gH 

a quantity which varies between .65 and .9 when the 
turbine is running at the right speed, and none of the 
guide passages is closed, either wholly or partially, as 
this reduces the efficiency. 

The ordinary parallel flow turbine is not divided into 
two parts as in Fig. 174, and c is then the velocity at 
the mean radius of the wheel vanes. Referring to 
Pig 174, let c, C be the velocities at the mean radii of 
the blades G, Gj, and w^, Wj, the corresponding velocities 
of whirl Qi, Qi, the quantities of water flowing per sec- 
ond through E, E^, so that Qi + Qi = Q cu. ft. 

62.5 (qiCWi + QiCW, 

then H. P. = 

550g 

and hydraulic efficiency 

qi cw, + Q, CW. 



V = 



gQH 

Classification of ^Turbines, — All turbines belong to one 
of two classes, called reaction and impulse turbines. In 
the former, when working at full power, all the guide 
and wheel passages are filled with water, and the tur- 
bine is said to be drowned, and the velocity of flow in 
one part can be determined when that in any other part 
is known; or, to put it mathematically, if A^, Ag, Ag be 
the cross-sections of the stream at any point, and v^, Vj, 
Vg the velocities perpendicular to those sections, then 
Vi Ai = Vg Ag = Vg Ag. 



Wliircvri- ihc i|iiiintity of water is large, aud tlie fall I 
moderatL-, a reaclicm turbine is generally usud. 

An impulst' turbine is not drowned, the but^kets 
not filled, and in some cases, in which there is only i 
tial admiHsion, each bucket is empty during part of a I 
revolution. Air is required in the bncfeets, so that the- 1 
pressure may always be that of the atmosphere, venti- 
lating apertures being made in their sides for this pur- 
pose. A suction tube eannot be iiaed with this class of | 
turbine, whieh is suitable for high falls and moderate I 
or small quantities of wator. 




Thus a reaction turbine may be made for a fall of J 
14 feet, and 200 cubic feet of water per second; but i 
impulse turbine is required for a fall of 600 feet, and 
20 cubic feet of water per second. In the foririer ease 
an impulse turbine might be used in place of the reae- ■ 
tion turbine, but the higli number of revolutions required 
for the reaction turbine in the latter ease, where the 
fall is high, make,s it necessary to use an impulse tur- 
bine; for with a small quantity of water, a turbine that 
is filled must he of small diameter, and as the velocity 
of rotation at the radius at whieh inflow takes place i 
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not less than .45 v'2g H for a reaction turbine, and is 
generally greater, the number of revolutions would be- 
come inconveniently high when H is large. 

Reaction and impulse turbines may be again divided 
into three classes: radial, axial, combined or mixed Sow. 
In the first the water dows outwards or inwards; the 




second has been already described; and in the third the 
water enters approximately radially, and leaves axially. 
The axes may be in all cases vertical or horizontal. Fig. 
175 shows a section perpendicular to the axis, ant 
through the guide apparatus and wheel of a radial op 
ward flow or Foumeyron turbine. At B are the gni 
vanes and at D the wheel vanes, the arrow showing tt 
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direction of rotation. Fig. 176 is a vertical section of 
this type of wheel. A is the penstock, B~ the supply 
cylinder, which consists of two concentric tubes; the 
upper one being fixed, while the lower slides within it 
like the inner tube of a telescope, and is raised or low- 
ered by the rods b. Near the upper edge of the inner 
tube is a leather collar making a watertight joint be- 
tween it and the outer tube. The lower part, a, of the 
inner tube acts as a regulating sluice for all the orifices 
at once. It has fixed to its internal surface wooden 
blocks, shaped so as to round off the turns in the course 
of the water towards the orifices. 




FIG. 177. 

The bottom of the supply cylinder is formed by a fixed 
disc, C, which is supported by hanging at the lower end 
of a fixed vertical tube enclosing the shaft. This disc 
carries the guide blades. D D are the vanes of the 
wheel, which in this case are divided into three sets, or 
horizontal layers, by two intermediate crowns, or hori- 
zontal ring-shaped partitions. The object of this is to 
secure the filling of the passages by the stream at three 
diflPerent elevations of the sluice, and thus lessen the 
loss of efficiency which occurs when the opening of the 
sluice is too small. E is the disc of the wheel, P is the 
shaft, G the tail race. KH is a lever which supports the 
step, and is itself supported by fixed bearings at K, and 
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by the rod L, which can be raised or lowered by a screw 
so as to adjust the wheel to the proper level. The tur- 
bine shown in Fig. 176 is a reaction turbine, but its 
mechanical construction is the same if it works as an 
impulse turbine. In the latter case, however, the turbine 
is not drowned, the discharge taking place above the 
level of the tail race. 

Fig. 177 shows an impulse outward flow turbine. The 
wheel is of cast iron, and the flow takes place at the 
opposite ends of a diameter, the two guide passages at 
either end being made of wrought iron. The valve which 





FIG. 178. 



FIG. 179. 




FIG. 180. 

regulates the opening of these is made of gun metal, and 
is keyed to a spindle which can be rotated through the 
small angle required to close the passages, by hand or 
by a governor. The following are particulars of two 
turbines similar to the above : 

I II 

Inner diameter of wheel 11.81 in. 11.81 in. 

Outer diameter of wheel 16.14 in. 14.84 in. 

Number of vanes %45 cast iron 84 wrought iron 

Revolutions per minute 583 928 

Quantity of water per minute 4.52 cu. ft. 5.085 cu. ft. 

Head of water 129 ft. 1.6 in. 131 ft. 5.19 in. 

Available power per minute 36,440 ft. lbs. 53,806 ft. lbs. 

Power measured on brake 16,498 ft. lbs. 28,809 ft. lbs. 

Efficiency, per cent 45.27 63.5 

Pigs. 178 and 179 show sections through the wheel,^ 
9, a being the ventilating aperatures. The great breadth 



of the wheel shown in Fig. 179 will be noticed. It is s 
made to prevent the passages becoming filled at outflowj 
Pig, 180, because if this oeeurred, the wheel would noE] 
work as an impulse turbine slioiild. for the reason thatV 
while in reaction turbines, eontinnity of fiow is a neera 
sity, in impulse turbines it mast uol take place because | 





IG. ISl, 



tile pressure mu.'«t aiways be that of the atmosphere, for j 
which reason the ventilating aperatures are provided. 

Fig. 181 is an outline drawing of an inward flow tur- ' 
bine with suction tube and cyiiiidrieal sluice at the bot- I 
torn. The lower part of the figure is a sectional plan J 
through guide apparatus and wheel, marked respectivelyj 
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AA and BB. C is the suction tube, while D is the regu- 
lating sluice, by no means an economical method of regu- 
lation, because, as the passage at outflow from the sluice 
is diminished the water flows more slowly through the 
whole wheel, having also a diminished velocity of whirl 
at entry, together with a shock. Again, on leaving the 
wheel it still has some tangential velocity left, because the 
velocity of the water relative to the wheel is less than 
when the sluice is raised. The velocity of the stream 
passing away from D is also increased, thus creating three 




FIG. 182. 

important causes of loss. The shaft is carried by a col- 
lar bearing above. The direction of flow is indicated by 
the arrows. The letters FF, and the dotted curves be- 
low them represent the vanes of an inward and parallel 
flow wheel, and do not refer to the inward flow turbine. 
The water is turned from a radial to an axial direction, 
hence the term ** mixed flow" for this type. 

The Thompson inward flow turbine is shown in Fiff 
182, 183 and 184. Fig. 182 shows the wheel, the portio 
B being in section, its sides, W, are conical (Fig. 183 



394 
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Th« water eotets at O, Fig. 184, and flows anmnd in 
both diK^tions. as shown by the arrows. Instead of the 
area beiug greatest at and least at the side oppoate 
O. it decreases from uniformly aroond the circnmfer- 
ence. the water flowing in the direction taken by the 
hands of a rioek. so that no changes in direction may 
take place. 

The guide vanes, D. are hinged at E, and can be 
moved by links C so that the passage to the wheel is en- 
larged or diminished, according as the guide vanes move 




FIG. 183. 



clix'kwise, or in the opposite direction. This wheel shows 
piHHi efficiency, either at taW load or light load. Altera- 
tion of the guide vane angle has been very successful 
with hotli inwani and axial flow turbines, although some 
oiierpy is lost by shock at entry with the gate partly 
clivioii. and as the volume of water flowing through the 
wheel is thou h-ss. the relative velocity of discharge is 
less. The water Jinally h'aves the wheel in directions 
|i;)rallol to the axis, and jiasses out of the ca.sjng down 
the draft tubes, T P. 

The SuclloH Tiibf, — As hns already been stated, the 
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suction tube enables a reaction turbine to be placed in a 
higher and consequently more convenient position than 
it otherwise would be, shortening the shaft and regulat- 
ing rods, and sometimes, as in the ease of the Victor tur- 
bine, allowing bevel wheels to be dispensed with, and 
pivot friction exchanged for journal friction, which lat- 




FIG. 184. 



ter has been shown by the latest experiments to be less 
than the former. 

Fig. 185 shows a tube, A B, in which is a piston P, 
C D being the upper level and E P the lower lever of 
the water. Now, suppose the atmospheric pressure is 
replaced by the pressure of two columns of water, A C 
and K B ; then the pressure on P is evidently unaltered. 
But if we express the pressure on P in feet of water, 
the pressure on its upper surface is A P, while that (^ 



its under surfaee is P K; the effective pressure i> there 
fore A K, and 

AK^AC+CK 

=KB+CK 

= BC 

so that as long as P is below K w_ere K B is the height 
of the water barometer, the head is unaltered. 

Now. with a given turbine with a given resistance to 
overcome, and with a given head, no matter how that 
hpad is obtained, whether hy water pressure or atmos- 
pheric pressure, a certain nimiber of revolutions will be 



obtained, and a certain quantity of water will be i 
This is evident; because the state of affairs at the t 
bine is unchanged, for the pressure at every i)oiiit i 
unchanged, as shown above; and if the forces and tW 
sphere in which they act are unchanged, the motions v 
also be unchanged. 

This, then, explains how a turbine with a draft i 
suction tube can be placed above the tail race, 
height is theoretically limited to 34 ft., but practical^ 
to much less. More accurately, if v, be the velocity ofl 
flow from the suction tube, theory would give 



e^m^Mpm 




In practice, however, in the ahovc .'.imili.*!! 111.' M- 
lowing quantities should be snlislitiihHl iiiHl.'ii.l ot -W I'nt' 
the corresponding diameters nf suctinu liil.i^ Tliix liilil<> 
ia given by Meissner. 
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Diameter of tube 

in feet. h 



3 



.49 81.16 

.98 29.52 

1.6 27.88 

2.3 27.88 

3.3 26.24 

4.9 19.68 

6.5 14.76 

8.2 13.77 

9.8 12.46 

11.5 11.15 

13 9.84 

Turbine Governors. — All water wheel governors are of 
the indirect acting class; that is, they enable the wheel 
to close or open the sluice by its own power, the governor 
itself not being powerful enough to perform the work 
directly. Figs. 186 and 187 show two views of the Snow 
governor as applied to the Victor turbine. Fig. 186 is 
a perspective view, and Fig. 187 is an outline drawing, 
showing the principle of its action. Referring to Fig. 
186, it will be noticed that there are two shafts, one verti- 
cal, and the other horizontal. The former turns the 
pinion which gears with the spur segment on the sluice, 
and the latter drives the governor. Upon this horizontal 
shaft at its right end is a pulley, not shown in the figure, 
which is driven by belt from the turbine shaft, while at 
the left end there is a pinion which is concealed by the 
spur wheel at the extreme left of the figure, which spur 
wheel the pinion drives, and this, by means of two bevel 
wheels, drives the governor balls. The arms of the gov- 
ernor hat^e teeth on their inner ends, which are in gear 
with the central spindle, so that according as the balls 
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fall or rise, the spindle rises or falls. Fig. 187 shows 
the connection between this spindle and the pawl shifter. 
B C D is a lever with a fulcrum at C. D G is a link con- 
necting it with the sector, which is called the pawl shifter, 
and which is pivoted at H. Referring again to Fig. 186, 
a small crank will he noticed at the right of the governor 
base, and upon the same shaft that carries the spur wheel 
at the left of the figure. This crank gives a reciprocating 




FIG. 187. 



motion to the short connecting rod, at the upper end of 
which are two pawls, termed the closing and the hoisting 
pawls, because one closes and the other opens the sluice 
when they are allowed to gear with the ratchet wheel 
that lies just at the left of the upper end of the con- 
necting rod. The sector, or pawl shifter (Fig. 187), part 
of which is just visible to the left of the ratchet wheel 
in Pig. 186, would, if its upper edge were circular, pre- 
vent the pawls gearing with the ratchet wheel ; but the 
depression at the center of the circumference, Pig. 187, 



(.■nahlcs them to fall into gear when required. For, if I 
the balls rise, B ia lowered and D and Q are raised, sol 
that the depresRton un the pawl shifter allows the elos-l 
ing pawl to gear with the ratchet wheel. If the balls] 
fall, motion in a reverse direction takes place, and thel 
hoisting pawl gears with the ratchet wheel. This ratchet] 
wheel turus the vertieal shaft by means of the two bevel J 




wheels shown at the nght of Fig 186, the larger of I 
which is on the vertical shaft In order to prevent over- 
winding, there is an arrangement of reducing gear be- i 
tween the ratchet wheel and bp^Ll pinion, which brings ] 
into position a stop similar to the sector, or pawl shifter, ■ 
which will allow the pawls to slidf freely along ite ■ 
and'prevents them tngaging with the ratchet wheel, 
thus prevents further motion ot the sluice. In ordet t 
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regulate the speed, there is a horizontal bar on the pawl 
shifter, upon which slides a weight, K, Fig. 187. If 
this is pushed to the ri^t, it will tend to raise D and 
lower B, and lift the governor balls, so that in order that 
the pawl shifter may be in its middle position, with 
neither pawl in gear, the speed of the wheel must be 
less. Por a similar reason, if is desired to increase the 
speed, K shonld he shifted to the left. This governor is 




said to be very rapid in its action. Hett's governor is 
shown in Fig. 188. Its action depends mainly upon the 
differential motion of three bevel wheels. 

In this governor the initiative is given by a governor 
of the Porter type A, iitted with heavier balls than usual. 
As this rises or falls it moves a belt shifter, B, which 
changes the position of the cross belt C on the cone pul- 
leys E and F. Thus when the governor sleeve is in mid 




t« P. vfenife rmnv its HoCioB bwm Ar paOtr G. Wc 




the sleeve falls the belt ia shifted to the left, so that E 
is driven faster than P, and when the sleeve rises the 
reverse takes place. The lower cone shaft drives the 
governor spindle by means of miter bevel wheels. The 
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upper eone shaft drives a sleeve H D, which is loose on 
the governor spindle, and carries the upper bevel wheel 
of differential motion D at its lower end. The lower 
pinion of D, being attached to the governor spindle, re- 
volves with it. As the gearing is the same, it is clear 
that when the governor is running pt its proper speed, 
so that the belt is on the middle of the conea, the upper 
and lower bevel wheels of the diflferential motion run at 




PIG. 191. 



the same speed in opposite directions, and the two other 
bevel wheels in the cup K rotate on their axes, but do 
not give motion to cup K, When the upper bevel wheel 
runs at a different speed to that of the lower one, the 
cup K rotates, and moves the pinion at its base, which 
gears with the spur wheel on the hand-wheel spindle of 
the starting gear. To connect the motion of the hand- 
wheel spindle, a spring clutch is employed, which can 
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be instantly thrown in or out of gear by giving a quarter 
of a turn to the disc, shown immediately above the spur 
wlicel. The clutches are thrown out when stopping by 
hand, and will slip if the running speed is not reached 
when the gate is fully opened. One great advantage of 
this arrangement is that the speed of regtJation increases 
in proportion to the amount of irregularity to be cor- 
rected. 

Fig. 189 shows a form of governor constructed by the 
Vevey Iron "Works. The balls, A A, are carried by the 




bell cranks, B B, having knife edges, 0, which are 
carried by arms, M M, that are keyed to the governor 
shaft, a a. Tlie ends. B B, of the boll cranks rest upon 
a sleeve, c, whieh CiU'ries the movable eentral rod, b b. 
The siriall pieces of steel hctwecn B B and the sleeve 
should be noticed. They irduce the friction consider- 
jihly, as they are free to turn through a small angle. 

The part C acts on the valve of the servo-motor, whose 
duty it is to move the sluice or gate of tlie turbine. The 
«»;n'(Miiotor of the Bellegarde turbines is illustrated in 
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Figs. 190 and 191. The water under pressure acts upon 
a differential piston, A B, connected at the center to a 
lever, G, which turns the shaft, F, controlling the sluice. 
D is permanently connected to water under pressure, 
while C is put in connection by the governor, T, with 
water under pressure, or with the discharge. In the 
first case the differential piston moves to the right, and 
in the second case it moves to the left. The former mo- 
tion closes, and the latter opens the sluice. The distribu- 
tion of water under pressure to C is effected by a valve 
S, shown in detail in Fig. 192. This valve rests on the 
upper orifice of cylinder D, while the other orifice at the 
bottom is throttled more or less by the point of the regu- 
lating needle, A B, Fig. 192. The valve S is suspended 
by the rod K at the point e of the lever H, which is 
pivoted at d, and supported by the index i of the gov- 
ernor, T. When the governor moves i, it produces at the 
same time a motion of valve S. As the lower orifice of 
cylinder D, Fig. 192, is connected to the water under 
pressure, while the upper orifice is in connection with 
the discharge to the atmosphere, and the space between 
these two orifices is in communication with the large 
cylinder, C, it will be seen that when the index of the 
governor rises, and the valve S is lowered, the upper 
orifice is closed, and water under pressure flows into 
cylinder C through the lower orifice. When, on the other 
hand, the governor index descends, valve S rises and 
opens fully the upper orifice, which has a section almost 
double that of the lower, so that the pressure falls in C 
and the water escapes from it. If, now, the valve is mid- 
way between these two positions, so that the two orifices 
present the same section to the water, the pressure in th' 
cylinder C remains about midway between the initio 
pressure of the water and the pressures on the differei 



lial pifltoii A B srp iKilanced «o thnt it does not mnvc 
There is, however, Ihis diRinlvanlage. that there is an 




FIG. 193. 

almost continual flow of water through m. On the other 
hand, there are two great advantages. First, the small 






valve S is only rarely fonied to the end of Its stroke by ' 
the governor. Generally, it is only partially i 




FIG. 194. 

and from this results a speed of gate oper 
more or less great. 
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I: i> 'Hily wh«fn there is a considerable change of load 
that tht^ valv*- i> pushed down by the governor, and the 
\>-i«>:;ty of the motion of the piston, A B, reaches its 
maximum value. A small change of load, on the other 
hand, product^ a i.'hange in the opening and closing of 
th«' sluice prt.portional to the magnitude of the change of 
load. The small valve is acted on by the liquid with a 
variabltf force. When it descends, the upward force on 
it increases from zero to several pounds, and this gives 
the governor stability. The pistons must be so propor- 
tionetl that the resistance of the sluice is easily overcome, 
and the orifices in D. Fig. 192, must also be of such a 
size that the rapidity with which the sluice is closed may 
be such as is desirable. Generally, orifices of from 0.24 
in. to .39 in. will suffice. 

So far, apparently, the governor only puts in and out 
of gear the apparatiLs for closing the sluice, and for that 
purpose only a ver^' small motion of the index is neces- 
sary : but in practice the piston, A B, and consequently 
tlio- sluice, takes up, when the wheel is running steadily 
and the load is constant, a position determined by that 
of the index of the governor. The point of rotation d 
of the lever II is not really fixed ; it is connected to the 
piston, A B. in such a manner that it rises or falls pro- 
portionally to the motion of this piston. It results from 
this, that when the piston is at rest, and consequently the 
valve S occupies its mean position as well as the point 
e, the index i of the governor is obliged to fix itself in 
the position corresponding to that of the point d, and. 
reciprocally, the point d and the piston, A B, are obliged 
to follow the movement of the index i. But when the 
wheel speeds are in a state of oscillation the index i acts 
freely upon e independently of the motion of d. Re- 
garding the motions of d and A B, the piston, A B, 
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moves by the connecting rod a b the crank b c, which 
carries at G an eccentric, whose rotation raises or lowers 
the point d by means of the rod d c- The displacement 
of d is approximately pi^oportional to the movement of 
A B. 

Turbines in Use at Niagara Falls. — Figs. 193, 194 and 
195 show the general arrangement of these turbines, 
which were designed by Foesch and Piccard of Geneva, 
and built by I. P. Morris & Company of Philadelphia. 
Each turbine operates under an average head of 136 
feet, and consists of two wheels to each shaft. 

The speed is 250 R,P.M., with a volume of water equal 




to 430 cubic feet per second, and each turbine develops 
5,000 horsepower. The shaft is vertical and drives an 
electric generator direct connected at the top. The 
wheels are of bronze, and are shown in Figs. 196 and 
197, while the lower wheel is shown to a lai^er scale in 
Figs. 198 and 199. They are reaction wheels, although 
the fact that they discharge into the atmosphere might 
lead one to suppose at first that they were impulse tur- 
bines. 

There are 36 guide, and 32 wheel vanes. A steel pipe 
90 inches in diameter conducts the water from the canal 
{Fig, 200) to a chamber between the two guide wheels. 
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The main shaft is made of steel tubes 38 inches in diam- 
eter, and 11-inch solid shafts are interposed at the points 
where the guide bearings are placed. This method of 
construction at once lightens the weight, and increases 
the rigidity of the shaft, and also reduces the number of 
guides necessary. A heavy fly-wheel of forged iron, 
weighing 10 tons, and having a diameter of 14 ft. 6 in. 
is attached to the shaft, as shown in Fig. 196. The 



FIC Ij" 

peripheral speed of this wheel is 11,000 ft. per minute. 
The upper bearing of the shaft is entirely relieved of 
its load when the turbine is running, due to the pres- 
sure of the water acting upon the under surface of the 
upper wheel. The speed is regulated by ring sluices, not 
between the wheel and guides, but outside the wheel. 
The sluice is raised or lowered by means of a system 
of rods and levers (clearly shown in the figures), which 
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are und^r the control of a verj- sensitive governor of the 
indirect acting class. The speed varies between a maxi- 
mum of Vi per eent at the normal rate of working, and 
about 3 per cent if the load is increased or diminished 
suddenly by one quarter. This sensitiveness is very 
necessary for an electric installation. 




FIG. 198. 
A tunnel has been made to earrj' off the water from the 
wheels. It is 6,700 ft. long, with a section of 490 square 
feet, and a hydrauiir, gradient of about 7 ft. in 1,000, 
and discharges its water into the river again below the 
Falls, and near the Suspension Bridge. The velocity of 
flow is ^ven by Professor Forbes as 25 ft. per second, 
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wliicli we believe to be unpre<retleiited. Ordinarily, about 
8 ft. per second is considered as the extreme limit in 
brick-lined sewers; indeed, a leading waterworks engi- 
neer allows only about 3 ft. as a maximum in lined chan- 
nels. The lining here is made of 16 in. of hard brick, 
this having been found necessary because the rock passed 
through disintegrated or crumbled quickly when ex- 
posed to the air. The brick and hydraulic cement used 
in the construction of the lining had united to form a. 




FIG. itia . 
mass as solid as rock in some specimens taken from the 
tunnel. 

The "Poncelet" Water Wheel— y^g. 201 shows a type 
of water wheel known as the "Poncelet" that is adapted 
to falls not greater than 5V^ feet. The stream flows un- 
der a sluice, and enters the buckets of the wheel without 
shock, owing to the curvature of the vanes. The strenni 
then rises up in the vane on account of its relative ve- 
locity, v, and falls agjiiu, flowing out radially. Thi 
sluice is inclined at an angle of about 50 degrees. Son* 



I'f Iho liL'fld must be lost if the wheel does not work m 
twi'k WHtpr, as Fig. 201 shows the water leaving tlie 
whei'l Ht some tittle height above the tail race. Theoreti- 
cally, the arrnugemeDt should be as shown in Fig. 202. 
where D E is ft horizontal line and the angle D E C is 
biseeted by the line C A, so that the fall of the water, 
after it has attained its greatest height in the wheel is 
the same as its rise. 



Neglecting friction. v„ ^ v 



- *, and c, ■ 



1 cos 6 = — sin a no3 *. , 



Generally, 



2 tan o ^ — tan * 
D C A ^ about 15°. 



- 15 



An efficiency of about 70 per cent lias been obtained with 
this wheel, but this is rather high for calculation. 66 pe 
cent being more suitable. 

The Peltmi Water Wheel, — This wheel, also known 8 
the tangential water wheel ia shown in Fig. 203. It i 
made up of a number of double buckets, fixed to the cir- 
cumference of a wheel. Water pro.iected from a nozzle 
strikes the buckets at their centers, and is deflected 
equally to both sides. 
Let V ^= velocity of water projected from nozzle 
c := velocity of center of buckets 
V, r^ relative velocity of inflow 
Vj ^ velocity of outflow. 



1 

i 



1 a nozzle 

deflected 

>zzle ^1 



A section of a bucket is shown in Pig. 204, and it w 
be seen that siiocli will occur at inflow owing to shapi' 
the central partition, which theoretically should be like 
, knife edge, hut as this is impracticable, it will be 
ignored for the present, and assuming that the coefficient 

I of resistance referred to v~ is F, the following equations 

f appear: 




Work done by wheel = 



i in wHieh w, %nd w^ are the tangential velocities of the 
' water at inflow, and outflow, 

and w, — V 
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V,» V,= (v-c)« 

(1 + F)= = 



2g 2g 2g 

The total wasted energy is : 



2g 

which must be a minimum for maximum efficioicy. We 
therefore have 

P 
(1) (v — c)» + (c — V,)* as a minimum 

I + P 

F (v — c)» 

= (v2 + c* — 2vc) +c*H 

I+P I+P 

2c (v-c) 



Vl + F 

P 2 (v-c) 
(2) (2c - 2v) + 2c 



1 + F .1 + P 

2v — c 2c 

— + = 

Vl + F Vl + F 

V 

(3) c = — whatever the value of F. 
•) 

Pigs. 205 and 206 show improved types of the Pelton 
\vheel» in which the streams of water strike the buckets 
alternately on each side of the eontinnons dividing edge 



PELTOH WATEB WHEEL 



as shown in the eats, thus secoring a steadier motion. 
The impnlses are divided more regularly on the wheeL 
as each bucket passes the point of the nozzle and 




PIG. 202. 

catches its share of the water. These buckets are 
east solidly upon each side of the circular dividing ridge, 
and upon the face, or rim of the wheel on each side of 
this central division. This circular ridge being also 
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FIG. 204. 

are not subject to the diffieultj' of beeoming loose. In 
this type of wheel several jets are used. The method of 
iDounting is such as to permit the moving of these jeta, 
and thereby varying the aogle of inclination at which 
Ihe water may be projected on the buckets. Either of 
the nozzles may be removed, and others of different size, 
or bore substituted, or any of them may be capped over, 
aud one or several, or all used as may be desired. 



SETTING IITDRAULIC RAJIS. 

Hydraulip rams are water- raising appliances in a 
jss by themselves. The shock that ia commonly no- 
ticed on quickly closing a fullway cock ami suddenly 
stopping the flow of water in long lengths of pipe is the 
power employed in the hydraulic ram. 




FIG. 205. 

The hydraulic ram i.s a machine of very simple con- 
Btruction, but it does not seem to be understood as it 
diould be by those who may have the erection i 
Btalling of it. It ron.si,sts of a body, or trunk, and an air- 
vessel, in which are inserted three valves, namely: (1) 
The pulse, or foot valve at end of the trunk; (2) the r 



tainmg, or ascension, valve, 



; and (3) 



the sniftiiig valve, in the neck of the air-veasel, 
diately under the ascension valve. The ofBce of the snift- 
ing valve is to supply air to the air-vessel when the ram 




is worldng. This, though seemingly the most unimpor- 
tant valve in the ram, is most neeessary to the successful 
■working of the machine, as without it the ram would 
soon cease working, owing to the air having been ex- 
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hausted, as the air-vessel would have become waterlogged. 
Air escaping from the air-vessel with the water causes 
the severe shocks and noise in badly constructed rams 
that are not fitted with this simple valve. 

The hydraulic ram is a machine that utilizes the mo- 
mentum of a stream of water having a slight fall, in 
such a way as to elevate a portion of that water to a 
greater height. This machine is self-acting; and when 
once set going, it will go on working day and night for a 
long period without stopping, provided that the supply 




FIG. 207. 

SECTIONAL ELEVATION OF HYDRAULIC BAM. 

of water is sufficient and that the ram has been properly 
constructed, and fitted up. 

The hydraulic ram will force water with a fall of 
from 18 in. to 100 ft. to an elevation of 15 ft. to 1,000 
ft. from almost any distance, from a few score of yards 
to four or five miles, or more if necessary. For example, 
assuming that 100 gal. of water falling 10 ft. would ele- 
vate 10 gal. to a height of say 80 ft., as 100 gal. falling 
5 ft. will elevate 1 gal. to a height of 300 ft., a hydraulic 
ram will raise water from 300 gal. up to 500,000 gal. 
per day of twenty-four hours if required. 

The following example will give some idea of the 
power exerted at the end of a long pipe when the flow 




A diagraimuatic section of a hydraulic ram is pre- 
sented by Fig. 207. A is an air vessel, B and C ball 
valves, D the delivery pipe, and E the supply pipe. 
Above valve B ia an opening, and the wafer running 
down from a small fall at E, pas«ps this outlet until the 
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velocity is sufficient to close B. This of course suddenly 
stops the stream, and the outlet valve is forced open, 
owing to the great increase of pressure in the ram. 
Through C the water passes into A and up the delivery 
pipe D, This releases the pressure, and valves B and C 
drop to their seats, and the operation is repeated. In 




some eases an ordinary lift, or flap valve, weighted to 
slightly exceed the static pressure of the supply stream, 
is placed between E and C. Obviously, a small portion 
only of the supply water from a small fall is delivered 
to a greater height, and the average efficiency of the 
ram is probably not more than 50 per cent. 
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Figs. 208 and 209 show sectional, and end elevations 
of a 1-inch ram in copper sheet or tube adapted for 
springs or streams supplying from 90 gals., to 300 gals, 
per hour, and raising approximately 5 to 20 gals, per 
hour to a height of 80 feet. These illustrations are so 
proportioned however, that a ram may be constructed 
from them to suit any fall of the drive pipe, and any 
quantity of water, by simply increasing the dimensions 
according to the varying conditions of the stream, or 
head. 

The volume of water raised by a hydraulic ram varies 
according to the ratio of the fall to the height that the 




FIG. 210. 

PLAN OF DELIVERY VALVE SEAT FOR HYDRAULIC RAM. 

water is to be lifted, while the effective capacity is ma- 
terially affected by the length of the drive and delivery 
pipes, as well as by the relative fall and lift. A ram 
will work on a fall as low as 2 ft. 6 in., and the quantity 
of water raised will be in proportion to the fall. Gen- 
erally speaking, a proportion of 1 in 10 of fall to lift 
gives the greatest efficiency. ^Vs there are no two streams 
whose conditions are exactly alike, it is obvious that a 
ram which will work well on one stream, will not work 
satisfactorily on another. Therefore, to obtain the high- 
est efficiency, the ram must be designed to suit the con- 
ditions of the stream on which it is to work. These con- 
ditions are ascertained by surveying the site, and mak- 
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ing other observations. The data required are as follows : 
(1) the minimum volume of flow per minute supplied 
by the stream in summer; (2), the horizontal distance 
from the stream to the proposed site of the ram; (3), 
the vertical height that the water is to be lifted above the 
ram; (4), the vertical height obtainable from the source 
of supply; (5), the horizontal distance from the ram to 
the end of the delivery pipe. The method of making 
these observations w^ill be described later on. The ram 
illustrated in Fig. 208 and 209, may be constructed of 
sheet-copper, or drawn tube, the latter being the most 
satisfactory. In order to withstand the pressure, the 
thickness should be not less than 3/32 in. for low falls 
of 5 feet, and a short drive pipe. 

For falls above this height, and for long drive pipes, 
the thickness, should be % in. Fig. 208 is a section of 
the ram, and Fig. 209, an end elevation, with the con- 
necting flange cut away on line xx (Fig. 208). The 
body A is 5% in. long when finished, and to allow for 
the flanges B and C, the sheet or tube should be TVs in- 
in length. The width of the sheet (if used) will need to 
be sufficient to make a tube of 1-in. internal diameter, 
and to allow for a %-in. lap for the joint. Small rivets 
are used for making the joint, which is afterwards sol- 
dered. The edge of the lap on the inside should be bev- 
elled off, and care should be taken that the heads of the 
rivets do not project much into the ram. The flanges 
are worked over as shown, to 2% in. in diameter. At 
1% in. from one end a hole 1 in. in diameter is cut, the 
center of the hole being 2^4 iii- from the end ; over this 
hole is riveted the T-piece D, communicating with the 
delivery valve. 

The T-piece is of the same diameter as the body 
the ram, and when finished it is 1 inch high. The si 



:W(> 
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or tube wiU d«m] to be eat sufficiently loog to allow of 
« lUiige ''^ in. wid«. being worked oo the end resting 
go the hiidv of the ram. The T-piece is riveted to the • 
body Bfl shown, and it is also soldered so as to make a 
watvr titrht j»int. 

To aTiiid having rivet heads on the inner surface of 
the run, the T-piece anil body are bolted together with 



I 





^/^ inch brass wire, having a fine thread cut on it, the 
holes in the flange of the T-piece and body being tapped 
for tliis thread. "VSHien all the studs are .screwed up, they 
Hre cut off nearly flush, say to about 1/64 iu. of the in- 
side and outside surface of the copper, by filing, after 
which a 1-inch iron bar is inserted in the tube, and the 
trass studs are riveted down by a few blows on the 
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outside with a hammer. The joint is then sweated to- 
gether with solder, and if there are any burrs left on the 
inside ends of the studs, they should be smoothed oflf with 
a file, to prevent obstruction to the passage of the water. 
The elbow E, Fig. 208, is of copper tube 1 inch inter- 
nal diameter. For rams working on even low falls the 
thickness should be not less than 1% in. so that the bend 
may be worked out to the larger diameter as shown, the 
elbow being enlarged where the pulse valve works to an 
internal diameter of 1% in. The tube should be of suffi- 
cient length to allow of the flanges F and G being worked 
over. 

Flange F which is bolted to the body, is 2% in. in 
diameter, and flange G is 3% in. in diameter. The ap- 
proximate length of tube required is from lyo in. to 8 
in. Holes for % in. bolts are drilled through the flanges 
as shown. The bed plate H and J, Fig. 208, is made of 
two pieces of sheet brass Yg in. thick. The bottom piece 
H is 31/4x4 in., and to this is bolted and sweated, the 
cradle J, Fig. 209, made out of a sheet about 3^/4 x 6% 
in., shaped as shown, to fit the body of the ram. 

The bed plate and body are riveted or bolted, and 
sweated in the same manner as is the T-piece. The flange 
K, Fig. 208, is % in. in thickness by 4 inches in diam-* 
eter. From the center the metal is worked out at right 
angles to form a ring with an internal diameter of li/4 
in., this ring fitting over the T-piece, to which it is se- 
cured by riveting. 

To this flange is bolted the circular valve seat L, a 
plan of which is shown in Fig. 210. This valve seat is 
made of a brass plate 4 in. in diameter hy y4^ in. thick. 
The four water ways M, M, are 1/4 ^^- ^^ diameter, and 
the center hole N is drilled and tapped for a i/4-in. stud 
0, Fig. 208, on which the delivery valve works. Th^ 
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Stud after being screwed in. is riveted over on the under 
side as shown. 

The water passages are drilled with their centers % 




FIG. 215. 







FIG. 2ia 




FIG. 217. 

SECTION. SIDE, AND END ELEVATIONS OF CAST-IBON HYDRAUUC RAM 

BODY. 

in. from the center of the stud. The pulse valve seat P 
is a brass plate 3% in. in diameter by 14 in. thick. A 
water way 1 in. in diameter is drilled in t!ie center, this 
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being the diameter of the bore of the ram. Four holes 
for i/4-in. bolts, are drilled in both valve seats. For lar- 
ger rams the number and size of the bolts should be in- 
creased, the spacing being 2 in. from center to center. 
The delivery valve consists of a rubber disc Q, and a 
brass disc E, both being 1% in. in diameter by 14 ^^' 
thick. 

Through the center of each, a hole is made for the 
stud 0, which should fit loosely. The brass disc acts as 
a weight to keep the rubber disc in position, and the 
lift of the valve is adjusted by the nuts S. The delivery 
valves of small rams should not have more than %-in. 
lift. For larger sizes the lift is proportionately greater. 

A small split pin is put through the stud above the 
nuts, to prevent their working loose. The snifting valve 
or air inlet, is shown at T, Fig. 208, and in section in 
Fig. 211. It consists of a Ibrass plug having a %-in. hole 
drilled through its center, tapering to a very fine hole 
at the inner end A, where it should not be larger than 
would allow a very fine needle to pass through it. The 
enlarged part B is hexagonal for the wrench, and at C, 
a hole IS drilled at right angles to the first, to guide the 
water downward, and prevent splashing, as a small 
quantity will squirt out, when the pulse valve closes. 
The snifting valve is screwed into the T-piece through 
the lap of the flange K (see Fig. 209) in place of one 
of the rivets. The object of this valve is to allow a little 
air to pass into the ram at each beat of the air vessel. 
. The details of the pulse valve are shown separately 
at Figs. 212, 213 and 214. The spindle (Fig. 212) of 
the valve is a ^^-in. diameter mild steel rod 3i/^ in. low 
with a thread cut at each end for a length of II/4 ii 
A brass disc (Fig. 233), 1% in. in diameter by 14 ^■ 
thick, tapered off at its outer edge as shown, forms tl 



uiulrr support of a rubber disc, 1% in. in diameter 
Vi in. thick. The upper braaa disc (Fig. 214) is Ys 
in diameti'r by Vi in- thick. The central hole in the bri 
disc is tapped to fit the thread of the valve spindle. 

In putting the valve together the upper brass disc 
ia first screwed up tight on the spindle with the flat 
side downwards (see Fig. 208) ; over this is placed 
the rubber disc; and over this ia screwed the support- 
ing brass disc, whifh must not be screwed up so tight 
as to press the rubber out of shape. Below this disc 
a lock-nut ; and further to prevent the disc and ni 
working loose while the ram is working, a small hole 
drilled through the spindle for a small split pin. 

Al the other end of the spindle are two nuts and bri 
washers for adjusting length of stroke, and weight oJ 
the pulse valve according to the length and fall of tl 
dri\"e pipe, and the height to which the water is to b^i 
mised. The guide sleeve U for the pulse valve spindlt 
18 made of a strip of sheet brass % in. wide by y^ in, 
thick, bent as shown, the central portion being % m, 
long nnil V^ in. in diameter. This sleeve must be fixed^j 
perfpt'tly square with the lugs to allow the valve to rest] 
siiuarely on its seat. The valves are faced with rubl 
iu order to reduce noise and wear. 

The air chamber, Fig. 20i), has an internal diametef' 
of 2V4 in. and is made of sheet copper 1/16 in. thick, 
riveted and soldered together. The flanged copper 
pipe V near the bottom is the outlet to the discharge pipe, 
the diameter depending upon the length of the delivery 
pipe. With a long delivery pipe, the diameter for this 
sized ram should be not less than I/2 iii'- but with a 
short delivery % in. would be sufSeient. 

It is luineeeasary to go into details regarding 
I ' li.struction of this portion of the ram, as the cut 



th«fl 
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plains itself. Fig. 215 is a sectional elevation of the 
body in cast iron. Fig. 216 shows a side elevation, and 
Fig. 217 an end elevation of the body. A is the water 
way to the delivery valve and air chamber. B is the 
passage leading to the pulse valve, C waterway in the 
body, and D flange to which pulse valve seat and guide 
valve are bolted. E is the flange to which are bolted 
the delivery valve seat, and air chamber, F flange for 
connecting drive pipe, and G back lugs for bolting ram 
to the foimdation, there being a bolt on each side of the 
ram. H is a lug cast at the end of the elbow for bolting 
the front to the foundation, and J short studs ^^ in. in 
diameter used for bolting the valve seats and the other 
fittings to the ram. In order to obtain the highest de- 
gree of efficiency from a hydraulic ram water-raising 
plant, the horizontal length of the drive pipe should 
equal the vertical height that the water is to be raised, 
and the diameter should be such as to discharge three 
times the available quantity. The diameter of the de- 
livery pipe should be such as not to add more pressure 
on the ram than is due to a head of 3 feet. 

The area of the pulse valve water way should equal 
that of the drive pipe, and the area of the delivery 
valve water way should be as large as possible, to per- 
mit a free passage for the water, with a short lift of 
the valve, thus preventing the water flowing back past 
the valve, causing slip. The capacity of the air cham- 
ber in cu. in. should not be less than the cubic capacity 
of the delivery pipe. 

Flow of Water, — ^When gauging streams with a very 
small quantity of water flowing, a triangular notched 
weir should be used, as this gives more accurate results 
with small quantities than a rectangular weir. 
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Tlu» f,)nniilie for making hydraulic ram calculations 

are: 

GXf 

iD g = X0.65 

L 

gXl^ 1 
(2) G = X 



f 0.65 

gXL 1 
(3) f = X 



G 0.65 

where G = gallons of water flowing down the stream 
to work the ram; g = gallons of water raised; L = lift, 
or height the water is to be raised above the ram ; f = 
the vertical fall of the feed water; and 0.65 the approxi- 
mate efficiency of the ram described in this article. 

To show the working of these formulae, a stream is 
takcMi as nn example, having an available fall of 5 ft., 
with 2.819 ^al. flowing per minute. It is required to 
raise the water to a tank 50 ft. above the ram, the length 
of the delivery pipe being 60 ft. What quantity of wa- 
ter would be raised to the tank in 24 hours? Applying 
formula 1, the cpiantity raised, assuming that there is 
practically no frictional loss in the delivery pipe, will 

2.819 X 5 

be X 0.65 = .1832 gal. per minute, or .1832 X 

50 

60 X 24 = 263.8 gal., say 260 gal. in 24 hours, with 
4,()()() ^i\]. passing through the ram in 24 hours. Now, 
applyint; formula 2, what quantity of water will be ro- 
quiivd to raise .1832 gal. to a height of 50 ft. above the 
ram, the supply water having a fall cf 5 ft. ? The quan- 
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.1832 X 50 1 

tity will be X = 2.819 gal. per minute. 

.5 0.65 

The working of these two examples will show the use 
of the formulae, and from the data obtained by them, the 
dimensions of any ram may be calculated. 

In calculating the required diameter of a ram to pass 
a given quantity of water through a given length of 
drive pipe, on a given fall, the quantity that is to pass 
through the ram is multiplied by 3, for the reason that 
the water in the drive pipe flows only about 1/3 of the 
time towards the ram, and the diameter must be calcu- 
lated for the maximum flow at any moment. 

Taking the above quantity of 2.819 gals, per minute on 
a fall of 5 feet, and assuming that the water is to be 
raised 50 feet above the ram, the length of the drive 
pipe will be 50 -j- 3 i= 16 2/3 yards, or say 17 yds. long, 
and the maximum flow will be 2.819 X 3 = 8.457 gals. 
The required diameter of the ram, will by this rule, be 



8.457 2 X 17 

w h 3 = 1 in. in diameter. The maxi- 

5 

mum quantity that would pass through a ram of a given 
diameter, length of drive pipe, and fall is found by the 
rule for ascertaining the discharge of a pipe in gals., and 
dividing the result by 3. The rule follows: multi- 
ply area of pipe in square inches by velocity of water 
in feet per minute and divide the product by 144; the 
result is nutnber of cu. feet discharged per minute. Mul- 
tiplyiniar thi_s by 62 5 will give number of pounds, which 
divided by 7.5, will give number of gals. 

The diameter of the delivery pipe for a given fric- 



that for the dfan^H 
K by the availablff^B 



I 



tiMial tow is fDODid b^ tbp amr role «s that 
dcr of the ram ; but instead uf dividing by the availablV' 
bead. tb« brad to be ln>t is fri<^tiui ts taken. In this 
CMC the qOBOtitv Sowing through the pipe is not mul- 
tiplied br 3. as the water has a praetically i^ustaut' 
llov. 

For ation d*!iv«y pip«s the head due to fricti 
amy be ignored, bat for lengths above 150 feet the heai 
that will be lost most be added to the actual height the 
water is to be raised, and the diameter must be calculated 
for this Inas. Tht eapaeity of the delivery pipe is found 
by inoltiplying the area of the pipe in sq. inches by its 
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length in inches. The resiJt wiW be the capacity of the 
pipe in cubic inches, and the air vessel will have to be 
of the same capacity. In the case of long deliverj' pip^s, 
to prevent the air vessel being of inconvenient length, 
it should be made baloon -shaped. By these simple rules 
it is possible to calculate the dimensions of a ram that 
would work satisfactorily with water from any stream. 
Fig. 218 shows the method of fixing the hydraulic 
ram, A being the vertical difference in feet between the 
water surface at the source nf supply B and the ram C ; 
D is the drive pipe, which is of the same length as the 
vertical height to which the water is to be raised. Aa 



I 
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will be seen, the fall is an even gradient from tlie source 
of supply to the ram, and the distance between the ram 
and the source is greater than the length of the drive 
pipe; it will therefore be necessary to build the small 
brickwork tank E, the top of which must be a little higher 
than the surface of the water at the source. This tank 
is used to prevent the bursting of the pipes when the 
water is suddenly checked by the closing of the pulse 
valve, for with long pipes the pressure at the moment 
when the valve closes would he greater than the pipes and 
joints could withstand. The ram is bolted to a solid 
concrete foundation, and should be placed in a small 
house as shown. The level of the pulse must be at such 



a height that it is never covered by the tail-water, which 
is drained into a ditch at F. 

The drive pipe should be laid at an even gradient 
throughout. With small rams up to 2 inches in diam- 
eter, this pipe may be of wrought iron or steel with 
threaded couplings, but for larger rams cast-iron flange 
pipes should be used of a thickness sufficient to with- 
stand the pressure without bursting. All the joints 
must be water tight, and when wrought iron pipes are 
used, their ends should butt together in the couplings. 
To prevent the contraction of the column of water at 
its entry to the drive pipe, the end in the tank should 
be fitted with a trumpet mouth and flax valve, eon- 
trolled by a chain, as shown in Pig. 219. 
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The tank and source of supply are connected by ordi- 
nary- socketeil drain pipe, having a diameter 2 to 3 times 
that of the drive pipe. The joints in the supply pipe 
are made with cement. A copper strainer should be 
fitted to the inlet end of the pipe to prevent debris from 
entering and choking it. The opening in this strainer 
should be of greater area than the pipe. As a further 
protection against the strainer becoming blocked by 
weeds and rushes collecting around it, a wire netting may 
be placed around it and secured to posts driven into 
the bottom of the stream near the pipe. The posts are 
driven in about 1 ft. away from the pipe on each side. 




and the netting fi.\('d to allow a space of 1 ft. between 
the netting and the strainer. 

The ram having been fixed in position and the drive 
pq)e and the supply pipe to the tank laid, an attempt 
can be made to stiirt the ram. The starting is effected 
by pressing down the pulse valve so as to let the water 
discharge and then allow it to rise, continuing to work 
it in this way for a fe\v strokes by hand, when it should 
continiic to beat by itself if the adjustment of the valve 
is suitable for the conditions of the water supply and the 
height the water is to be raised. But more probably it 
will be found that the ram will not work before ij is ad- 
justed. The adjustment is effected by the two nuts and 
the brass washers at the end of the valve spindle. 
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The nuts are for adjusting the length of the beat, and 
the washers are for adjusting the weight of the pulse 
valve by adding to or' taking away. The length of the 
beat, and weight of the valve depend upon the length of 
the drive pipe, and head of water. The stroke or beat 
of the valve should be as long as possible for efficient 
working. 

On a slow and long stroke the ram will use and lift 
more water than on a fast and short one. The number 
of strokes is reduced and the length increased by un- 
screwing the nuts, and the number of strokes is increased 
and the length decreased by screwing them up. The 
weight of the pulse valve should be about the same as 
that of the water in the drive pipe when it is at rest. 
To adjust the valve to obtain the best results will occupy 
considerable time, as many trials will have to be made, 
by reducing or increasing, as required, the weight of the 
valve, and the number and length of the stroke, imtil a 
satisfactory result is obtained. 

Stoppage of the ram after it has been working for 
a considerable time may be due to any of the following 
causes: The area of the drive pipe may be reduced or 
roughened by rust, or a deposit of organic matter may 
have formed on the inner surface of the pipe. In this 
case, although the head may be sufficient to dash the 
valve on to its seating, the force of the recoil 'may not 
be sufficient to allow the valve to open ready for another 
stroke. To remedy this, a bundle of wire should be 
dragged through the drive pipe several times, by means 
of a length of rope, after removing the ram from the 
pipe. Leaky joints in the drive pipe may also prevent 
the water recoiling sufficiently to open the pulse valve. 
The variation in level of the head water is a very com- 
mon occurrence where the supply is intermittent. The 
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level of «up[ily b«-ittg lowored, tbo air is carried in 
tJiv water, caiuiiiig the valve to chatter for a short time; 
and ultimately t« remain closed, though if the valve is 
a hea^'j- one it will remain open. The air vessel may 
bf water-logged, owing tw the snifting valve becomirt; 
iiiojierative, thnmgh Itfing envered by the tail-water; or 
the RDiftiiig valvt! may be choked, causing the resififnnM 
in the «ir vessel to be so great that the delivery valve 
will not open, thus stopping the delivery of water, though 
the pulse valve will ^-ontiniie to beat, and everything 
will appear to be in perfect working order. The recoil 
of the drive water may be inanfficicnt to allow the puli 
valve to open. With a alow lift, the absence of air 
the air vessel may sometime* be detected by the water 
being delivered in a succession of spurts accompanied by 
concussion in the pipes. To remedy this, shut the flflp 
valve on the end of the drive pipe in the tank, remnve 
and empty the air vessel, and see that the snifting valve 
is in good order. On replacing the air vessel, the ram 
slmuld again deliver water properly. 

To stop the ram, the pulse valve is held up for a few 
seconris against its seating, when it will cease to beat; 
but to stop the ram for examination and repairs, the head 
or flap valve in the tank must be closed. 

K^ckncy. — In tests, the highest efficiency obtained 
from a ram was 74.9 per cent, but this varies according 
to the ratio of lift and fall, being greater at low than at 
high ratios. Clark gives the following percentages of 
efficiency for ratios varying from -4 to 26 : 



Thus with 10 feet head and 40 feet lift, the ram wouM 
show nn efficiency (if 72 per cent. But with 10 feet head 
and 260 feet lift, the turn could .just rnise weter to that 
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height, but it would be imable t(T deliver any ; hence its 
work at that ratio would have no efficiency. 

CONSTRUCTION OP DAMS. 
In the construction of a dam across a stream of water, 
especially if the bottom is of an alluvial nature, the main 
problem is to successfully guard against the water find- 
ing its way underneath the dam instead of over it. Of 
course reinforced concrete construction when properly 
put m IS the best method of solving the problem of a 
foundation for a dam, but it is not always possible to use 
this material, owing to objections on the part of the 




owners regarding its high cost. But when it can be used, 
the undermining of the structure may be prevented by a 
properly constructed concrete blanket extending for some 
distance above and below the dam. In case concrete is 
not used, the next best method of getting a foundation is 
by means of heavy timbers termed mud-sills which are 
imbedded in the bottom as deeply as possible. Upon this 
the dam may be constructed of any available material, 
and by the use of the wire cloth apron illustrated in Fig. 
221, a dam may be constructed that wi'.I withstand tbo 
strain of any freshet that may come.. Reference to Fig. 
221 will explain the method of utilizing wire cloth for 
this purpose, a representing the apron extended as fa^ 
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iliiwii the Btreem aa liwal conditions make it necessary, 
Ikitli upper and lower ends of this wire eluth aproE 
should be imbedded in the bottom of the stream as deeply 
aa it is possible to excavate. Having once secured the 
apron a to the bottom, a pile of any material at hand 
Bueh as dirt, ashes, brush, logs and atones, is placed upon 
it. When earth filling is used, one part of cement should 
be mixed with it, the cement and earth bi'ing put in 
place drj'. These are mixed by the handling while being 
plai'.ed, but should not be wetted at any time, that part 
of the work being left to the river, and natural moistures. 

If during the operation of filling, the number of shov- 
els full to a wheel-barrow load is counted a few times, 
the matter of mixing the earth and cement is easily 
solved, the proportion being one shovel full of cement to 
99 shovels full of earth, the cement being sifted into 
the harrows while they are being filled with earth. The 
filling is tamped as firmly as possible along line b, Fig. 
221, and the angle of this line should not exceed the an- 
gle of repose of the material used, which will be 30 de- 
grees if sand is used, while if clay-like material is used 
this angle may approach 60 degrees. 

Having thus secured layer a, b, in its place, another 
wire-cloth blanket Jnay be placed, the wire simply laid 
down upon a thin coating of concrete, and another thin 
coating spread over the wire-cloth which is strengthened 
by lapping the strips, according to necessity. The con- 
crete had best be made of aggregate not over % inch in 
diameter in order that the blanket may be kept down to 
about 2 inches in thickness. 

Proceed in like manner to place filling b e, rai 
and smoothing as before : then lay down blanket c, and so 
continue until the required hight is reached. -The last 
blanket e is to be extended up the stream as far as 
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sary to prevent the water from getting under the dam. 
In some eases it may be necessary to extend this layer 
100 feet or more up stream. The ends of the blankets 
which come against the river-bed are extended as far 
into the earth ajs it is possible to excavate. The upstream 
end of each Tblanket may be extended as far as is thought 
necessary for the safety of the structure. Dams built in 
this way will stand a great deal of wear, and give good 
service. 

THE ELECTRIC MOTOR IN MILLWRIGHTING. 

Considered from a mechanical standpoint only, there is 
little choice in point of reliability between a direct-cur- 
rent motor, and an alternating-current induction motor. 
The direct-current motor armature has the mechanically 
undesirable commutator and brushes and, usually, a lar- 
ger proportion of insulating material than the alternat- 
ing-current motor which, however, labors under the in- 
herent mechanical disadvantages of a very small air-gap 
or clearance for the rotating element. 

The particular method of application selected for any 
type of motor has more direct bearing on the durability 
and life of the motor than is commonly supposed. This 
can be appreciated when it is remembered that the re- 
volving armature of any type of motor is composed of a 
great number of parts, coils of wire, etc., held together 
by bands or wedges, and depending to a gn^ater or less 
extent on fibrous or cotton insulating materials of little 
mechanical strength and, therefore, more susceptible to 
injury from jars and vibration than other forms of re- 
volving machinery. It is important, therefore, when 
considering a motor application, to choose a method of 
connection which will tend \j absorb or nullify these ef- 



fects unless tlie motor has been duKigued with n spofial I 
aim to mt-eting tht-so conditions, as in railway motors, J 
Bpeoial mill motors, etc. 1 

Belt Connection. — ^^Tierever ponditiniis will allow, belt 
drive should be used, as the belt forms the most flexible 
(.■onncptiou between motor and load and is the best-known ! 
absorbent of mechanical shocks due to load variations. 
For ideal conditions the belt speed should be from 4,000 ' 
to 5,000 fee't per minute. 

In general the load per inch width for single, or light ' 
double belts should not greatly exceed 40 pounds for belt 
speeds under 4.000 feet per minute and should not ex- 
teed 32 pounds for speeds from 4,000 to 6,000 feet, which 
is the practical limit of working. The total working 
pull on belt may he foimd 'from the following equation : 

hp X 33,000 

Pull in poimda ^^ ~- 

Belt speed in feet per niin. 

Belt speed in feet per miii. = Pulley dia. in inches 
X 0.262 X r.p.ni. 

For certain classes of ser\'ice whei'e belted motors . 
operate in dusty locations, as in clay crushing plants, ' 
ceraent mills, flour mills, etc., the action of dust accuniu- i 
lations on the belt tends to reduce its pulling power and ' 
necessitate an increase in width of from 25 to 50 per i 
cent over that which would be satisfactory for ordinary 
conditions. Experience has shown that a four-ply 
treated canvas or rubber belt is approximately equal in 
transmitting power to a single or light double leather 
belt of good quality. 

The maximum ratio between driving and driven 
leys should not exceed 6 ■.1 for ordinary couditioDB, 
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the distance between centers will depend on the ratio, 
good proportions being approximately as follows: 



Approx. Ratio. 


Min. Distance Between Centers 


2:1 


8 feet 


3:1 


10 feet 


4:1 


12 feet 


5:1 


15 feet 


6:1 


20 feet 



All belts should have a normal lap on the pulleys of 
at least 160 degrees unless some form of idler pulley is 
used to increase belt contact. The use of paper pulleys 
allows a somewhat smaller degree of lap owing to th(3 
better adhesive qualities of this material, and for this 
reason is to be recommended for all small pulley drives. 

It is not usually considered good practice to use heavy 
double belts of any kind on pulleys smaller than 15 
inches diameter, as the abrupt bending of the thick belt 
over a small pulley soon opens the fibers and ruins the 
material. 

Rope Connection, — On a par with belt driving in its 
effect on the motor can be placed rope drives of either 
the English or American system, and many installa- 
tions are at present using this drive for large motors. 
The English or separate rope system is a favorite in 
rolling mill or other work where large powers are trans- 
mitted and continuity of operation is especially desir- 
able, while the American or single rope system is espe- 
cially adapted to group drive from a large unit. For 
either system as large a rope as possible should be chosen, 
for economical reasons. 

To insure reasonable life of the ropes, the smallest 
sheave over which the ropes run should be not less than 
forty-two times the diameter of the rope used. Lubri- 
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cated core rope should be used, as the principal fric- 
tion tending to destroy rope is between the fibers them- 
selves and, owing to the action of centrifugal force, ex- 
ternal lubricant will not penetrate the rope. 

Considering the life of the rope alone, experience 
shows that the most economical speed is 4,500 feet per 
minute, and this should be used where cost of mainte- 
nance is an important factor. 

Very small pulleys or sheaves, in general, and on 
induction motors in particular, should be avoided, as 
they necessitate heavy belt tension to transmit the power 
and invariably produce bearing troubles which militate 
greatly against efficient operation, and on induction mo- 
tors with their air-gap clearance cause secondary troubles 
liable to damage the machine seriously. 

Toothed Chain Connection. — In many applications 
where positive connection is desirable, a toothed chain, 
such as the Morse or Renolds type, offers a somewhat 
flexible and a very satisfactory method of motor connec- 
tion. When the center distances between driving and 
driven shafts are too short for belts and too great for 
the use of gears, the maximum ratio obtainable with 
chain is approximately 6 :1. As short a center distance 
should be used as possible owing to the expense of the 
chain. For the best operation, the chain speed should 
not exceed 1,500 feet per minute, as beyond this speed 
the necessary grease for lubrication is thrown off and 
the wear becomes excessive. It is also imperative that 
means be provided for adjusting the sprocket center 
distances to take up the wear in chain and sprockets, and 
keep same fairly tight. Chains work best w^hen driving 
horizontally. The driving side should be on the bottom 
when distance is long, and on top when distance is short 
or speed high. For certain very severe conditions spring 
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center gear sprockets have been used, and found very- 
satisfactory in protecting the motor and increasing the 
life of the chain. Chain drive imposes a more severe 
strain upon the revolving parts of a motor than a belt 
drive does, and this fact must be borne in mind and 
should be properly discounted in the type and design 
of motor recommended for a specific application. 

Oear and Pinion Connectimi. — Ovring to its economic 
advantages as to floor space, etc., the trend of new de- 
velopment appears to be in the direction of direct 
geared applications, and it is where this condition ex- 
ists that the greatest precautions must be taken to elimi- 
nate those undesirable factors which usually result in 
a rapid depreciation of the motor, unless it has been de- 
signed with a view to fitting this particular application. 

In general it has been found that where standard 
motors designed for belted service, have been used in 
general applications, driving roll trains, bending rolls, 
plunger pumps, glass grinding machinery, cement mill 
machinery, clay working machinery, coal and ore hand- 
ling machinery, hoists, cranes, etc., etc., failure has been 
very frequent where the mechanical limitations of the 
electric motor were not properly understood and taken 
into account. 

As an engineering proposition, the use of a standard 
commercial motor of over 20 horse-power with a pinion 
mounted directly on the motor shaft should be avoided 
wherever possible. Where service conditions demand 
a direct-geared connection, an ideal arrangement, and 
, one to be used wherever possible, is to have the pinion 
carried on a short shaft in separate pedestals or other 
bearings; this shaft to be coupled to the motor shaft by 
some form of flexible or cushion coupling. This ar- 
rangement at once removes the motor from the de.struc- 



; «f tlK gt*j^ allowiDg 
L uhL wbUe aomewfaat 
I BKtfaod nf mounting 
1 ifinetlv m tW motor alaft. the inereaw in 
teif pnw^B tB par for tke praetieaUv abso- 
- of operalian BBORd. It n e^tectallj- 
appBeafch m iwnr lia« of indiiitml work where wear 
«a tkc fc*«*ii»p of tke drncn ■Kefasnkm is an nnim- 
pwteBt itcB. ■nd wfcov tbe oiotor Iwarin^ are liable 
to be neideeUd. 

Wheiv the aboiv mnaogeateDl is not permissible and 
wbov opewaXiag emditions are not too severe, an ont- 
board bearing for the motor shaft beyond the pinion is 
to be rwommeniled for motots of 20 horse-power and 
over, as this auxiliary increases by nearly 100 per cent 
the resistance of the shaft to bending, and the ability 
of the bearings to resist poonding out. As the chief 
came of trooble on geared motors can be traced directly 
to the hammering and vibration due to tbe tooth i 
pacts, the best practice demands that for eommereial ' 
motors, where the pin is mounted directly on the shaft, 
speeds should not exceed 700 R.P.M. for motors above j 
20 horse-power, and for heavj- work even this is i 
high. 

The raaximnm pitch line speed at which cut mel 
geais should be run is approximately 2.000 feet pet 9 
minute, and speeds higher than 1,200 feet are not to bsm 
recommended for best results, particularly where theM 
pinion is mounted directly on the motor shaft. 

Pitch line speed may be determined from the follow-| 
ing equation : 

P.L.S. = Rev. X Pitch, Dia. in inches X 0,262. 
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Pitch Dia. in inches 



Pitch Dia. in inches = 



Number of teeth 

Diametral Pitch 

Number teeth X Circular Pitch 

3.1416 



As in ordinary motor drives the pinions are usually 
of forged steel, the strength of the gear only need be 
considered when figuring the size of gear required. 
Table 37 shows a ready means of determining the proper 
proportions of cast iron gears having more than 25 teeth 
to transmit a given horse-power, also the gear pitphes 
preferable for motor drives. 

TABLE 87.— SHOWING VALUES OF HP PER INCH WIDTH FOR PITCH 
LINE SPEEDS ABOVE 1,000 FEET PER MINUTE.* 





Preferable 


HP. per 


Inch Wic 




Diametral 








Pitch 


per : 


100 ft. per 


» be Transmitted 






Min. 


1 to 2 


8 




0.24 


2 to 5 


6 




0.30 


5 to 10 


5 




0.38 


10 to 30 


4 




0.48 


30 to 75 


3 




0.64 


75 to 125 


21/2 




0.76 


125 to 200 


1% 




1.10 



* For cast steel gears the values in HP per inch width 
should be increased 2i/^ times. 

For pitch line speeds from 500 to 1,000 feet per min- 
ute the above values of horse-power should be increased 
50 per cent, and for speeds up to 500 feet per minute 
should be increased 100 per cent. 
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TL<- ii.iiiiniuiu pitt-h diameter of motor pinion is ap- 
prv^xiinatvly twit-e the diameter of shaft for ordinary 
easjes^ and the smallest pinion should not have less than 
14 teeth under any condition. 

EzoiHph : — ^25 horse-power motor, 600 R.P.]\r., eomi- 
terehaft speed 100 R.P.M. 

Diameter motor shaft at pinion fit = 2% inches. 
Smallest pitch diameter possible zn 2 X 214 = 5 inches. 
Fr\>m table of preferable pitches, pitch = 4 inches. 
Therefore, smallest number of teeth = 4 X 5 = 20. 
Pitch line speed = 600 X 5 X 0.262 = 786 feet per 
minute. 

25X100 

Horse>ix>wer per 100 feet per min. = 1= 3.18. 

786 

Frv>m tlie table it is evident that horse-power per 
iiuh of width at this speeii = 0.48 -(- (50 per cent) = 

3.18 

Tht-roforo. the proper face of east iron gear = 

0.72 

= 4.41. or. s<\y. 4^0 inohe.s. 

600X20 

Proper niuuber of teeth for gear ^ ^ 120 

100 

tooth. 

AVhoro oast iron gear faces figure out greater than 
sovon inohos. it will be eoonomioal to use east steel gears, 
as by their use the faoe may be made one-half the size. 

AVhou high spood motors must b(» used in geared-np- 
;>ii(*atioii;s, exporienoe has shown that rawhide pinions 
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alleviate vibrations, noise, etc., to some extent, although, 
not sufficiently to make unnecessary such precautions as 
should be taken where steel pinions are used. The value 
of the rawhide lies principally in its noiselessness of 
operation, especially where the rawhide is not shrouded, 
viz., where the design is such that the retaining brass 
checks are cut below the roots of the teeth. With such 
forms of pinion, pitch line speeds of 3,000 feet per min- 
ute have been used successfully on motors up to 50 
horsepower. The strength of rawhide is approximately 
the same as cast iron, and this fact must be borne in 
mind when considering the use of rawhide pinions, as 
it will be evident that a steel gear cannot be driven to 
its full capacity by a rawhide pinion. 

For a majority of motor applications, involute forms 
of cut gear teeth are to be recommended, as this form 
does not require the maintenance of exact center dis- 
tances demanded by other forms of teeth. Also, because 
this form has been adopted as standard by the majority 
of gear manufacturers under the diametral pitch sys- 
tem. 

Cushion Couplings, — In many applications, such as 
air compressors, plunger pumps, etc., the motor is re- 
quired to be coupled directly to an intermediate shaft 
which usually carries a pinion for transmitting power 
to other parts of the mechanism. Application of a motor 
to this service should be through a cushion coupling for 
best results, as with the usual forms of rigid coupling 
the shocks and vibrations from the gears due to the cycli- 
cal variations in the load are transmitted back to the 
motor and are very destructive to the revolving wind- 
ings. Vertical motors driving centrifugal pump 
through long vertical shafts should always be conneetc 
together by means of a flexible coupling that will allo^ 



nttisiderablr dtsplaccmcnt in shaft alignment as, owing 
to the abseoL'e uf graritational fon-es in the plane of 
ivvolutinn. all vertical running motors and shafts are , 
extremely sensitive and destructive vibrations are easily^ 
starti-d. 

Flange Couplings.— For installations where the mo- 
tors have to deliver a praclically constant torque, and 
where there is little liability of shafts getting out of 
alignment, such as centrifugal pumps, blowers, motor- 
generator sets, etc., a flange or rigid form of coupling 
has been found entirely satisfactory, A careful inves- 
tigation should always be made, however, of all factors 
liable to intluenee operation, as successful application 
of this form of coupling requires practically ideal con- 
ditions. 

Foundations. — ^In many motor installations inaufflr 
eient attention and care are bestowed on the motor foun- " 
datioo, or method of mounting to insure satisfactory 
motor operation. This is particularly true of geared ap- 
plications where motors are frequently found shimmed 
up with wooden blocks. This should not be tolerated, 
as it can be nothing else than unsatisfactory; rigidity 
of mounting or foimdation being of extreme importance^ 
in geared application.^. jM 

PIPES AND PIPE FITTING.' ■ 

As has been previously stated, it frequently happens 
that the millwright is called upon to superintend the 
laying out and erection of the steam and water piping 
systems for a mill or factory, and considering this to 
be the case, a space will be devoted to the discussion of 
this most important subject. 

Selection of Pipe. — This is an important matter, and 



^ 
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care and good judgment should be exercised in the choice 
of pipe that is to be used on the job. The bulk of the 
pipe manufactured today is steel, it having been demon- 
strated by experiment and also by practice that steel 
pipe is far superior to iron pipe for durability, and 
hard usage, consequently it has come to stay. Therefore 
one of the requirements of the successful pipe fitter is 
to be able to distinguish steel pipe from iron pipe, and a 
few pointers on this subject will be presented. 

In the first place, iron pipe is rough in appearance 
and the scale on it is heavy, whereas on steel the scale 
is very light, and has the appearance of small blisters 
or bubbles, underneath which the surface is smooth and 
somewhat white. When flattened, steel pipe seldom 
breaks; but if a fracture does occur, it will be noticed 
that the grain is very fine. Iron pipe, when subjected 
to this test, breaks readily and shows a coarse fracture, 
due to the long fiber of this material. 

The impression often prevails that steel pipe is ex- 
ceedingly hard, for which reason they imagine that it 
is threaded with difficulty and that the threads are easily 
broken off. This belief is entirely erroneous, the truth . 
being that steel pipe is soft and tough. Threads on this 
pipe do not break; they tear off, to avoid which it is 
necessary that the cutting die shall be sharp and thus 
cut above the center. Dies suitable for steel pipe can 
also be used on iron pipe; but blunt dies that will work 
successfully on iron pipe will tear the threads on steel 
pipe, owing to the softness of the metal. 

Laying Out a System of Piping. — A good rule to fol- 
low in laying out a piping system is as follows: If for 
steam, start at the distributing end of the system, and 
work toward the boilers, gradually increasing the size of 
the pipe at each outlet until all have been provided for 
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and the total area of which should not exceed the area 
of the steam main leading from the boilers. For water 
the same rule will apply, always bearing in mind that, 
at the same velocity of flow the capacities of pipes are 
proi>ortional to the squares of their internal diameters, 
as for instance one 4-inch pipe will deliver the same 
volume as four 2-inch pipes. With the same head or 
pressure, however, the velocity is less in the smaller 
pipe, and the volume delivered varies about as the square 
root of the fifth power (i. e., as the 2.5 power) . 

Table 38 will be found very convenient in calculating 
sizes of pipes, and the number of smaller sized pipes re- 
quired to equal in capacity one larger. 

The method of using the table is as follows: Assume 
the main or header leading through the factory to be a 
4-ineh pipe. Reference to Table 38 shows that the in- 
ternal area of a 4-inch pipe equals 12.730 square inches. 
From this header the followiag branches may be safely 
led: 

One 2-in. pipe. intciTial area = 3.356 sq. in. 

Two lio-in. pipes, internal area =i 4.072 sq. in. 

Two 1^4-in. pipes, internal area = 2.992 sq. in. 

Two 1-in. pipes, internal area = 1.722 sq. in. 



Total combined area = 12.142 sq. in. 
and 12.730 — 12.142 = .588 sq. in. as a margin. 

For the smaller sizes of branch pipes, say from 1 in. 
down to i.j in., which are likely to be tapped into the 
abovo mentioned pipes, the table may again be consulted, 
as for instanee, from the 2-in. pipe having an area of 
:i.3i)() sq. in., there may be taken: 
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One 114-iii- pipe? internal area = 1.496 sq. in. 
Two %-in. pipes, internal area = 1.066 sq. in. 
Two ^-in. pipes, internal area =z .608 sq. in. 



Total combined area =r 3.170 sq. in. 

and 3.356 — 3.170 = .186 sq. in. as a margin. 

Table 38 follows: 

TABLE 3a— INTERNAL AREA OF WROUGHT IRON OR STEEL 

WELDED PIPE. 

^tTJJ?^* Interaal ^t«°VhL*^ Internal 

InBide . Insiae ._^ 

Diameter ^J*» Diameter ^e» 

Inohea -Sq. Inches Inches Sq. Inches 

H .101 5 19.986 

yi .304 6 28.890 

J4 .533 7 38.738 

1 .861 8 50.027 
VA 1.496 9 (i2.730 
1^ 2.03t; 10 78.823 

2 . 3.356 11 95.033 
2^ 4.780 12 113.098 

3 7.383 13 137.887 
Sy2 9.887 14 159.485 

4 12.730 15 182.665 
4>4 15.961 



Ordinary or standard black pipe, from % to 1 inch 
inclusive, is butt welded, and tested to 300 pounds to the 
square inch. Pipe 1^ inches and larger is lap welded, 
and proved to 500 pounds to the inch, and the millwright 
should keep well within these figures when handling 
steam or water under heavy pressures. There is also 
made and sold from stock a heavier pipe known as ** hy- 
draulic.** This pipe should be used when very heavy 
pressures are to be resisted, particularly when there are 
shocks similar to those when the hydraulic ram is used. 

Expansion and Contraction. — In laying out a system 
of steam-piping for a power plant, perfect freedom tot 
expansion and contraction should be allowed, to prevent 



undue strains on any member of the system, or at the 
joints, cBiifiin^r them to leak. The old types of slip-ex- 
pansion joints having proved a constant source of trouble 
and expense rec|uiring frequent repacking and adjust- 
ing, are seldomi if ever, used on a good job of piping. 
If absolutely necessary, however, to use this type of ex- 
pansion joint, the piping shoiUd be so anchored as to 
prevent the joint from pulling apart. 

With the advent of higher steam pressures and corre- 
spondingly higher temperatures and velocities, more at- 
teution has been given to the proper designing of piping 
sj'stems. and constructive details than in the past. Steel 




pipe bends of long radius are used wherever practical in 
place of the cast elbows of short radius. They take up 
the expansion stresses, making the system more flexible 
throughout; reduce vibrations and friction, and deliver 
the steam to the engine with a lower drop in pressure. 

Pipe bends eur\'ed to a radius of leas than five diam- 
eters of the pipe are undesirable as expansion bends. The 
radius should be at least five or six pipe diameters. 

Anchoring, — This is an important detail, especially 
large sized pipe, and in order to be able to correctly 
locate the anchors, the designer should possess a good 
Aijowledge of the expansion of pipes when heated, and; 
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their contraction when cold. Fig. 222 shows a 10-inch 
extra heavy steam pipe, and two clamps, A A, anchored 
rigidly to the wall. Assume the pipe to have been placed 
in position while at a temperature of 60° Fahr. and held 
securely in one clamp, and allowed to move freely through 
the other one while expanding. Now if while in this con- 
dition, steam at 250 lbs. pressure, and superheated 100 
degrees is turned into the pipe, the elongation of the 
pipe due to expansion will be 1% in. in each 60 feet of 
length; that is, the pipe which was originally 60 feet 
long, is now 60 feet 1% inches in length, due to the 
added temperature of 441 degrees, and the movement of 
the pipe through the loose clamp is 1% inchas. But sup- 
pose the pipe to have been rigidly clamped between both 
clamps, with no chance for endwise movement during the 
process of heating, the result would be that either the 
clamps would spring, or the pipe would buckle, or bend 
sideways, owing to its great length as compared with its 
diameter. The tremendous force exerted upon the ma- 
terial, and joints of the pipe by the thrust of expansion, 
and the pull of contraction may be calculated by means 
of the following formula : P = C T A E in which P = 
thrust in lbs. from expansion, or pull due to contraction. 
C = co-eflficient of linear expansion = 0.000006. T = 
difference in degrees Fahr. of temperature between orifri- 
nal temperature and temperature after pipe has been 
heated, or cooled = 441 degrees. A = area of metal in 
cross section of pipe in square inches which" for 10-inch 
extra heavy pipe ==16. E = co-efficient of elasticity -= 
30,000,000. By substituting these values we hnxo: V rr 
0.000006 X 441 X 16 X 30,000,000 = 1,270,080 pounds. 

These figures give some idea of the strains to which 
fittings and joints are subject where expansion and con- 
traction are not properly provided for in steam lines, 
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or where anchors are improperly located. As another 
illustration of the strains exerted upon the fiber of the 
pipe, and upon joints and fittings, suppose that the pipe 
afready referred after being heated and allowed to ex- 
pand freely, is then rigidly clamped at both ends, and 
allowed to cool off again to its original temperature, the 
tensile strain upon the material in the pipe would be: 

P 1,270,080 

— = = 80,000 lbs. per square inch, 

A 16 

which would cause rupture. 




FIG. 223. 

FOR LONG RUNS. 

Allowing for Expansi&n and Contraction. — It is con- 
sidered good practice in figuring for expansion to allow 
only one-half the calculated amount when cutting the 
pipe to length. For example, if in a run of pipe 100 feet 
between connections, or points w^here steam lines are 
taken off from the header, the expansion is calculated to 
be 3 inches; allow l^/o inches when cutting the pipe to 
length, or in other words, the total length of pipe should 
be 100 — li/> = 99 feet 10 V. inches. 

Then the steam fitter takes up the other IV2 inches 
when erecting the line, with the result that when steam 
is turned on the expansion removes the tension or strain 
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put on the pipe when cold, and the fittings and joints 
are strained only one-half as much as if none, or all of 
the expansion were allowed for. This rule is used by 
most large concerns, and has proven to be satisfactory 
to operating conditions in general. 

The expansion bend shown in Fig. 223 is intended for 
use in a long run of piping where it is desirable to 
anchor the line at two points to take the strain off the 
fittings and joints outside the anchors, not shown. "When 
heated, the pipe expands in the direction of the arrows, 
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FIG. 224. 

tending to close the bend. To insure sufficient elasticity 
the dimension B should be made as large ss possible. 
The dimensions A and R can be respectively 5 and 1 
of D. - 

For sizes above 6 inches it may be impossible to make 
this bend in one piece, owing to the long length of pipe 
required. Commercial pipe averages from 16 to 20 feet 
in length, although lengths up to 24 feet are kept in 
stock by some dealers for use in making up special bends. 

For bends 8 inches in diameter and larger, the ar 
rangement shown in Fig. 224 may be used for the sam 
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piirposF. With sach an arrangement, however, a bending 1 
xtrain is pnt ou the joints, as shown in Fig. 225, which isJ 
greatly enlarged to show the straining action on thtr 
joint at E. as the pipe expands. 

The L'SKt elbows should be extra heavy, with thick 1 
flanges. The tlanges on the bend should be thick also, aa I 
a thin flange is easily ruptured or strained sufficient to I 
cause leakage at the joints. 

AVhere there ia sufficient room, a better arrangement 1 
would be to substitute two 90-degree or square bends of 
^_ steel pipe in place of the cast elbows, making the system | 

t 

FIG. 225. 

One method of anchoring a steam header of moderate I 
length is shown in Fig. 226. The line of pipe which 
may be from 50 to 150 feet in length is securely an- 
chored at the middle of its length, and allowed to expand I 
in both directions, as shown by the arrows A A. The | 
joints nearest the anchor or clamp siiffer the least strain, ] 
while those joints nearer the ends of the header are sub- J 
ject to the greatest strains from expansion and contrac- i 
tion. In lajing out a system of piping, the amount of ] 
expansion for the different rims should be worked out, , 
and provision made accordingly. The expansion of east i 
iron in fittings is about the same aa untempered steelj i 
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but under the strain and stress of superheated steam 
(combined heat and pressure), a fitting 22 inches in 
length from face to face of flanges has been known to 
have a permanent elongation of ^ in. in four years' use. 
Therefore, in the design of steam pipe lines, the ques- 
tion of superheat must be considered as tending toward 
the permanent elongation, and consequent loss of tensile 
strength of the material. 

Fittings and Valves. — ^For flanged fittings there are 
two recognized standards: one for pressures up to 125 
pounds, adopted by the A. S. ^I. E., and another for 
pressures up to 250 poimds, adopted by the manufactur- 



I 








FIG. 226. 

ers. Some manufactiurers list their pipe and fittings as 
** standard" for pressures up to 125 lbs., **full weight*' 
for pressures from 125 lbs. to 175 lbs., and ''extra 
heavy" for pressures higher than 175 lbs. 

Flanged valves are made with the thickness of flange 
to correspond with thickness of pipe flange, and the 
''standard," "medium," or "extra heavy" correspond 
with the same grades of pipe and pipe flanges. 

It is a generally accepted fact that few, if any, of the 
accidents caused by the failure of pipe fittings are due 
only from the pressure of the gas or fluid contained in 
them, but are the result of combined stresses caused by 
the expansion and contraction of the pipe, water hair 
mer, or pipe improperly supported, any or all of th^ 
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being in conjnnctioD with a streas doe to the presBore of 
the gas or fluid within the fitting. 

A fitting may. therefore, be subjected to two classes 
of stresses: one, a legitimate stress, due to the pressure 
from that which the fitting contains, such as water, 
steam, compressed air, etc., and the other, due to strains 
caased by systems of piping improperly designed or in- 
stalled. Stresses due to the former are tangible and 
may be estimated with some degree of accuracy, but 
stresses due to the latter are an unknown quantity vary- 
ing with the wisdom of the designer and for which the 
factor of safety must provide. 

The dimensions of fittings of different makers vary 
slightly, so that what is true of certain sizes of one mak- 
er's fittings might not be true of another's. 

Table 39 gives the bursting strength of standard cast 
iron fittings, screwed. It will be seen that the elbows 
show a greater strength for all sizes than do the tees. 
Table 4() gives the ultimate test pressure of malleable 
iron pipe fittings including both black, and galvanized. 
The bodies of these fittings were .25 in. in thickness, and 
the average bursting pressure of the black fittings was 
2,900 lbs., while that of the galvanized fittings was 2,833 
lbs. These important details concerning pipe fittings 
were obtained through a series of tests conducted by 
Mr. S. M. Chandler at the laboratories of a prominent 
valve and fittings manufacturing company. 

TABLE 39.— STANDARD SCREWED CAST-IRON ELBOWS AND 
TEES— ULTIMATE TEST PRESSURES. 

Size Elbows Average 

2^ 3500 3300 3400 3400 

3 2400 2600 2100 2500 

3^ 2100 1700 2400 2250 

4 2800 2500 2500 2600 

4J4 2000 2600 2600 2600 

5 2600 2500 2500 2533 

6 2600 2200 2300 2367 

7 1800 2100 1900 1950 

8 1700 1600 1700 1667 

9 IHCVO \«\0 1000 1833 

tn \9tt<^ v;^ \<?S*i VWCi 

^l; V \'2S^ ^^ vx^yji 
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Size Tees ^Average 

VA 3400 3300 3300 3333 

1^ 3400 3200 2800 3300 

2 2500 2800 2500 2600 

2H 2400 2100 2500 2450 

3 1400 1900 1800 1850 

3>4 1200 1500 1800 1650 

4 1800 2100 1700 1867 

4^ 1100 1400 1400 1400 

5 1700 1300 1500 1600 

6 1400 1500 1100 1450 

7 1400 1400 1500 14'S:i 

8 1200 1400 1300 1350 

9 1300 1400 1200 1300 

10 1100 1300 1200 1200 

12 1100 1000. 1100 1067 

TABLE 40.— BURSTING PRESSURE OF MALLEABLE PIPE 

fittings: 

Test Black or Ultimate Test Weight, 

No. Galvanized Pressure Pounds 

1 Black 2800 lb. 10.06 

2 Black 3100 lb. 10.12 

3 Black 2800 lb. 10.19 

4 Galvanized 2700 lb. 10.62 

5 ^ Galvanized 3000 lb. 10.50 

6 Galvanized 2800 lb. 10.75 

Testing for Leaks. — When the system is completed, a 
test should be made for leaks, particularly obscure leaks. 
Leaks in water piping will quickly manifest themselves 
when the« pressure is turned on, but for steam pipes 
some little time will be required for the steam to con- 
dense in the pipes, when the first intimation of a leak 
will be water dripping from it. Very often there are 
steam leaks which, owing to the dryness of the steam, 
may be heard but not easily located. A good way to 
search for leaks is to prepare a pail full of strong soap- 
suds, and using a paint brush go over the lines of pipe, 
applying the mixture to each one of the joints. If there 
is even a very slight leak any place where the soap-suds 
touch, bubbles will be blown, and the leak located. It 
should then be marked with a piece of white chalk car- 
ried along for the purpose. 

Air and Water Traps. — ^When running pipe lines for 
steam, the great thing to be avoided is the forming of 
pockets in which water may collect and thus cut down 
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tfae capacity of the pip«. ITnder pertain cooditioaB. the 1 
pipo may become t.'Otnpletely filled with water in spots ' 
•nd the flow of Mteam cat off until a lowering of pressure 
at the disebarge end is sufKeient to overcome the hj'dro- 
xtatic pretiGure of the collected water and that sobstance 
H driven out of the pipe. Water traps or "poeketa" in 
a steam pipe are always to be avoided. They are very 
nndesirahle, and in some instances they become danger-H 

Water pipes are also cot down in capacity by pockeflH 
wbieh may contain air. But in this case, instead of i 
low place in the pipe giving trouble, the high spots are 
to be avoided. A collection of air in the bend of a pipe 
panin^ over a high place in the line may, in many in- 
stances, eut down the pressiure greatly, and in some eases 
entirely stop the flow of water. Particularly is this the 
case when the pipe acts as a sj-phou; the pressure or 
weight of the water in the discharge leg must overcome 
the weight of water in the supply leg of the aj"phon. 

In water pipes under pressure, the action is the same, 
though the force not being limited to li.7 pounds to the 
square inch can overcome to better advantage the pres- 
ence of air in the pipe. In either case, the loss of pres- 
sure amoimts to the loss of head equal to the height of 
column of air in the pipe, calculated for an equal height 
of water. Thus, pockets and traps must be avoided in 
both steam and water piping, and the straighter the pipes 
can be run, in a vertical direction, the better will the 
pipe line serve its purpose. 

Dead'Ends and- Drips. — Dead-ends in pipe lines 
should always be avoided if possible. No matter where 
placed, a dead-end always fills with water. If the pipe 
be a large one and the dead-end projects vertically up- 
ward, the water may run out as fast as it collects, but 
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unless a dead-end is drained in some way, it will surely 
fill with water — and stay filled. The manner of its fill- 
ing is through the condensation of the steam which fiows 
to the dead-end. A pipe with a close end is much like an 
extended bellows. The condensing of the steam in the 
pipe is like the closing of the bellows. As everything — 
boards and leather — is drawn down upon the bottom 
board of the bellows, so every bit of condensed water is 
drawn to the dead-end of a steam pipe by the condensing 
of the steam in that portion of the pipe. 

When it is required to maintain a circulation in a 
dead-end, a drip should be provided which will take care 
of the water of condensation as fast as it collects. Either 
a drip must be established or a loop must be made, 
whereby what would be the dead-end is connected to 
some portion of the steam system by means of which the 
water of condensation may pass away. Hand operated 
drips may be used, but this is at the best, a wasteful and 
unreliable method of disposing of the condensation. 

A much better method is the employment of automatic 
traps, discharging into a return main which will carry 
the water of condensation back to a receiver in the boiler 
room or pump room, from whence it may be taken by 
the feed pump and returned to the boilers. 

Making Up Pipe Joints. — For making up permanent 
screw joints in pipe, where it is not necessary to ])reak 
the joints again, nothing is better than good red lead, 
though lithai^e (yellow oxide of lead) answers nearly 
as well. For screw joints which may have to ho taken 
down frequently, plumbago mixed with cylinder oil, 
makes a good material for daubing eith(»r threads or 
flanges; it is also good on flange bolt threads. For 
threaded pipe, use as thick as possible. A mixture which 
will run is too thin. It daubs things too much. For 
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"*. r.^ *.:^. !: r.iay K- ii::xe\l thin enough to allow of be- 
::.j ^: r^ •■■. ■■:: th- <i;rfai-t^ with a brush. When nice 
V rk •> !>-.■;: r^>i. liaub the inside of fittings, valves, etc., 
a::-.! i: will not show as when daubed on pipe, nipples, 

rSEFl'L INFORMATION. 

Onr hr-ap^-vi bu>hfl of anthracite coal weighs from 75 
!»• >«» Ihv 

«hie hea^vtl bushel of bituminous coal weighs from 70 
t" 7-"» ;b<. 

OiiK- l»u>h*'l of roke weiglis 32 lbs. 

Water. ^;is and steam pipes are measured on the in- 
side. 

One eubie ineh of water evaporated at atmospheric 
pressure makes 1 eubie foot of steam. 

A heat unit known as a British Thermal Unit raises 
the temivrature of 1 poimd of water 1° Fahr. 

For low pn^ssure heating purposes, from 3 to 8 pounds 
o1^ iM»al prr ht>ur is vi^nsidereil economical consumption, 
ft»r eii\.h sijuaiv t'ln^t of grate surface in a boiler, depend- 
ent uptai eoiulitions. 

A horsepower is estimated equal to 75 to 100 square 
feet of direet radiatii^n. A horsepower is also estimated 
as 15 s(iiiare feet of heating surface in a standard tubular 
boiler. 

Water boils in a vacuum at 98^^ Fahr. 

A cubic foot of water weighs 62VL> pounds, it contains 
1.728 eiibie inches or 7io gallons. Water expands in 
boiling a])oiit one-twentieth of its bulk. 

In turning into steam water expands 1,700 times its 
bulk, approximately 1 cubic foot of water will produce 
1 cubic foot of steam. 

One ])oiuul of air contains 13.82 cubic feet. 
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It requires IV2 British Thermal Units to raise one 
cubic foot of air from zero to 70° Fahr. 

At atmospheric pressure 966 heat units are require.d 
to evaporate one pound of water into steam. 

A pound of anthracite coal contains 14,500 heat units. 

One horsepower is equivalent to 42.75 heat units per 
minute. 

One horsepower is required to raise 33,000 pounds one 
foot high in one minute. 

To produce one horsepower requires the evaporation 
of 2.66 pounds of water. 

One ton of anthracite coal contains about 40 cubic 
feet. 

One bushel of anthracite coal weighs about 86 pounds. 

Heated air and water rise because their particles are 
more expanded, and therefore lighter than the colder 
particles. 

A vacuum is a portion of space from which the air has 
been entirely exhausted. 

Evaporation is the slow passage of a liquid into the 
form of vapor. 

Increase of temperature, increased exposure of sur- 
face, and the passage of air currents over the surface, 
cause increased evaporation. 

Condensation is the passage of a vapor into the liquid 
state, and is the reverse of evaporation. 

Pressure exerted upon a liquid is transmitted undi- 
minished in all directions, and acts with the same force 
on all surfaces, and at right angles to those surfaces. 

The pressure at each level of a liquid is proportional 
to its depth. 

With different liquids and the same depth, pressure, is 
proportional to the density of the liquid. 
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The pressure is the same at all points on any giveA 
level of a liquid. 

The pressure of the upper layers of a body of liquid 
on the lower layers causes the latter to exert an equal 
reactive upward force. This force is called buoyancy. 

Friction does not depend in the least on the pressure 
of the liquid upon the surface over which it is flowing. 

Friction is propoitional to the area of the surface. 

At a low velocity friction increases with the velocity 
of the liquid. 

Friction increases with the roughness of the surface. 

Friction increases with the density of the liquid. 

Friction is greater, comparatively, in small pipes, for 
a greater proportion of the water comes in contact with 
the sides of the pipe than in the case of the large pipe. 
For this reason mains on heating apparatus should be 
generous in size. 

Air is extremely compressible, while water is almost 
ineonipressible. 

Water i.s composed of two parts of hydrogen, and one 
part of oxygen. 

Water will absorb gases, and to the greatest extent 
when the pressure of the gas upon the water is greatest, 
and when the temperature is the lowest, for the elastic 
force of gas is then less. 

Air is composed of about one-fifth oxygen and four- 
fifths nitrogen, with a small amount of carbonic acid 
gas. 

To reduce Centigrade temperatures to Fahrenheit, 
multiply the Centigrade degrees by 9, divide the result 
by 5, and add 32. 

To reduce Fahrenheit temperature to Centigrade, sub- 
tract 32 from the Fahrenheit degrees, multiply by 5 and 
divide by 9. 



USEFUL INFORMATION 407 

To find the area of a required pipe, when the volume 
and velocity of the water are given, multiply the num- 
ber of cubic feet of water by 144 and divide this amount 
by the velocity in feet per minute. 

Water boils in an open vessel (atmospheric pressure at 
sea level) at 212° Fahr. 

Water expands in heating from 39 to 212° Fahr., about 
4 per cent. 

Water expands about one-tenth its bulk by freezing 
solid. 

Rule for finding the size of a pipe necessary to fill a 
number of smaller pipes. — Suppose it is desired to fill 
from one pipe, a 2, 2^/^ and 4-inch pipe. Draw a right 
angle, one arm 2 inches in length, the other 21/^ inches 
in length. From the extreme ends of the two arms draw 
a line. The length of this line in inches will give the 
size of pipe necessary to fill the two smaller pipes — about 
3^ inches. From one end of this last line, draw an- 
other line at right angles to it, 4 inches in length. Now, 
from the end of the 2-inch line to the end of the last 
line draw another line. Its length will represent the 
size of pipe necessary to fill a 2, 2i/^ and 4-inch pipe. 
This may be continued as long as desired. 

Discharge of Water, — The amount of water discharged 
through a given orifice during a given length of time 
and under different heads, is as the square roots of the 
corresponding heights of the water in the reservoir above 
the surface of the orifice. 

Water is at its greatest density and occupies the least 
space at 39° Fahr. 

Water is the best known absorbent of heat, conse- 
quently a good vehicle for conveying and transmitting 
heat. 
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A r. S. gallon of water contaiiui 231 cubic inches and 
weighs 8 1/3 pounds. 

A column of water 27.67 inches high has a pressure 
of 1 pound to the square inch at the bottom. 

Doubling the diameter of a pipe increases its capacity 
four times. 

A cubic foot of anthracite coal averages 50 pounds. A 
cubic foot of bituminous coal weighs 40 pounds. 

Weights. 

One cubic inch of water weighs 0.036 pounds 

One U. S. gallon weighs 8.33 

One Imperial gallon weighs 10.00 

One IJ. S. gallon equals 231.00 cubic inches 

One Imperial gallon equals 277.274 " ** 

One cubic foot of water equals 7.48 U. S. gallons 

Liquid Measure. 
4 Gills make 1 Pint 
2 Pints make 1 Quart 
4 Quarts make 1 Gallon 
311^. Gals, make 1 Barrel 

To find the area of a rectangle, multiply the length by 
the breadth. 

To find the area of triangle, multiply the base by one- 
half the perpendicular height. 

To find the circumference of a circle, multiply the 
diameter by 3.1416. 

To find the area of a circle, multiply the diameter by 
itself, and the result bv .7854. 

To find the diameter of a circle of a given area, divide 
the area by .7854, and find the square root of the result. 

To find the diameter of a circle which shall have the 
same area as a given square, multiply one side of the 
square by 1.128. 
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To find the number of gallons in a cylindrical tank, 
multiply the diameter in inches by itself, this by the 
height in inches, and the result by .34. To find the num- 
ber of gallons in a rectangular tank, multiply together 
the length, breadth and height in feet, and this result 
by 7.4. If the dimensions are in inches, multiply the 
product by .004329. To find the pressure in pounds per 
square inch, of a column of water, multiply the height 
of the column in feet by .434. 

To find the head which will produce a given velocity 
of water through a pipe of a given diameter and length : 
Multiply the square of the velocity, expressed in feet per 
second, by the length of pipe multiplied by the quotient 
obtained by dividing 13.9 by the diameter of the pipe in 
inches, and divide the result obtained by 2,500. The 
final amount will give the head in feet. 

Example. — The horizontal length of pipe is 1,200 feet, 
and the diameter is 4 inches. What head must be se- 
cured to produce a flow of 3 feet per second ? 

3X3 = 9; 13.9 ^ 4 = 3.475. 
9 X 1,200 X 3.475 = 37,530. 
37,530 -^ 2,500 = 15 ft. 

To find the velocity of water flowing through a hori- 
zontal straight pipe of given length and diameter, the 
head of water above the center of the pipe being known : 
Multiply the head in feet by 2,500, and divide the result 
by the length of pipe in feet multiplied by 13.9, divided 
by the inner diameter of the pipe in inches. The square 
root of the quotient gives the velocity in feet per second. 

To find the head in feet, the pressure being known, 
multiply the pressure per square inch by 2.31. 

To fiyid the contents of a barrel. — To twice the square 
of the largest diameter, add the square of the smallest 



dfasv'i^er and mahiply this by the height, and the resnit 
Sy 2.*il^. This will eive the enbie inches in the barrel, 
and th» divided by '2S1 will give the nnmber of gallons. 

To nnd the lateral pressure of water upcm the side of 
;». tank, multiply in inehes. the area of the submerged side, 
by the pneasare doe to one-half the depth. 

Example. — Suppose a tank to be 12 feet long and 12 
fe<i-t deep. Find the pressure on the side of the tank. 

144 X 144 =i 20.736 square inehes area of side. 

12 y .43 1= 5.16. pressure at bottom of tank. Pres- 
.sure at the top of tank is 0. Average pressure will then 
be 2.6. Therefore 20.736 X 2.6 = 53,914 pounds pres- 
sure on side of tank. 

To find the number of gallons in a foot of pipe of 
any given diameter, multiply the square of diameter of 
the pipe in inehes. by .0408. 

To find the diameter of pipe to discharge a given vol- 
ume of water per minute in cubic feet, multiply the 
s^inare of the quantity in cubic feet per minute by 96. 
This will give the diameter in inches. 

To find the weight of any length of lead pipe, when 
the diameter and thickness of the lead are kno\vn : Mul- 
tiply the square of the outer diameter in inches, by the 
weight of 12 cylindrical inches, then multiply the square 
of the inner diameter in inches by the same amount, sub- 
tracting the product of the latter from that of the for- 
mer. The remainder multiplied by the length gives the 
desired result. 

Example. — Find the weight of 1,200 feet of lead pipe, 
the outer diameter being % inch, and the inner diam- 
eter 9/16 inch. 

The weight of 12 cylindrical inches, 1 foot long, 1 
inch in diameter, is 3.8697 lbs. 
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■% X % = 49-64 = :765625. 
9/16 X 9/16 = 81-256 = .316406. 
.765625 — .316406 = .449219 X 3.8697 X 1,200 = 
2,086 lbs. 
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